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KAYLOCK MINIATURE STAKE NUTS 

Here’s your answer to Stake nut reliability with maximum weight/space savings! Save up to 
33% of hardware weight. And weight savings can accrue as a result of thinner parent material 
requirements. Staking action of the Kaylock self-locking nut provides maximum retention against 
push-out and torque-out exceeding the requirements of MIL-N-25027. 



THE PROBLEM • Conventional stake nuts have a tendency 
to torque out or push out of the parent material under various stresses. 
There has been a critical need— especially in the aerospace industry— 
for installed reliability of threaded elements in minimum thickness 
materials. 


THE SOLUTION • The new Kaylock miniature stake nut pro- 
vides greater structural integrity through a cold flow of material that 
provides a positive interlock between the nut and the parent material. 
This results in high resistance to push-out loads, offers you high anti- 
rotational advantages. 


Aay/o cir (jlMt in oil- Mini idfo- locking (joStenAU 
KAYNAR MFG. CO., INC. • KAYLOCK DIVISION • BOX 3001 • FULLERTON, CALIFORNIA 






To optimize a TWT ... use a crystal ball 



SPIt 


SPERRY RAND CORPORATION 
GAINESVILLE FLORIDA 


‘‘Pyrolytic deposition” is the fancy name for it. In 
simpler terms, it’s Sperry’s method of using heat and a 
controlled atmosphere to put attenuation on TWT sup- 
port rods in a very precise manner. Result: higher gain 
and improved efficiency for Sperry traveling wave tubes. 

This is only part of the Sperry effort to optimize the 
electrical parameters of TWT’s. Attenuators are impor- 
tant . . . beam focusing, amplitude fine structure, and 
gun design get their share of attention too. All these 
programs are devoted to a single objective ... the pro- 
duction of TWT's with a near-perfect mix of electrical 
characteristics. 

Many of these efforts are already bearing fruit in 
the form of operational hardware. Production tubes like 
the STL-405 and STS-101 (200 W performance over 
octave bandwidth at L and S bands) and the STC-278 
(exceptional fine structure and phase linearity charac- 
teristics) vouch for Sperry's success. 

A NEW TECHNICAL PAPER gives full engineering 
and scientific details of the considerations involved in 
electrically optimizing traveling wave tubes. For your 
copy, write Sperry, Gainesville, Florida, or contact your 
Cain & Co. representative. In Europe, contact Sperry 
Europe Continental, Paris. 


AEROSPACE CALENDAR 


The SDS 9300 is faster than the 7090. 
It costs $215,000. 


Kiss the computer speed/cost barrier goodby! 


Dec. 1 1-13— Conference on Heterogeneous 

nautics and Astronautics, Palm Beach. 

Dec. 13-14— National Veudors Meeting. 
Space and Flight Equipment Assn.. San 
Diego Aerospace Museum. San Diego. 

Dec. 16-17— Conference on Non-Linear 
Processes in the Ionosphere. National Bu- 
reau of Standards Boulder Laboratories, 
Boulder, Colo. 

Dec. 16— Sixth Annual Army Aviation Con- 
tract Services Symposium, Mayflower Ho- 
tel. Washington. D.C. Sponsor: Na- 
tional AeroSpace Services Assn. 

Dec. 30— Annual Meeting, American Assn, 
for the Advancement of Science. Cleve- 
land. Ohio. 

Jan. 7-9— Tenth National Symposium on 
Reliability and Quality Control. Statler 
Hilton Hotel, Washington. D.C. 

Jan. 13-17— Society of Automotive Engi- 
neers Automotive Engineering Congress 
&• Exposition. Cobo Hall. Detroit. Mich. 

Jan. 19-23— 1 6th Annual Convention. Heli- 
copter Assn, of America. San Marcos Inn. 
Chandler, Ariz. 

Jan. 20-22— Aerospace Sciences Meeting. 
American Institute of Aeronautics and 
Astronautics. Hotel Astor, New York, 
N. Y. 

Jan. 23— Seventh Annual Inland Empire 
Quality Control Conference. American 
Society for Quality Control, California 
State Polytechnic College, Pomona, Calif. 

Jan. 27-30— 20th Annua) Technical Confer- 

( Continued on page 7) 


AVIATION WEEK & Space Technology 



The SDS 9300 adds in 1.75 micro- 
seconds and multiplies in 7 micro- 
seconds, including indexing. With 
optional hardware, it executes 48-hit 
floating point multiply in 14 micro- 
seconds. Compared to a 7090, that's 
over 100% faster at less than 25% the 

speed than arithmetic: Input/output 
rates exceed 2-million characters per 
second simultaneous with computation 
(you can operate eight high-speed tape 


units, all running at 96Kc, concurrent 
with arithmetic execution). The price 
of the basic 9300 is $215,000. With over- 
lapping 8K memory, floating point 
hardware and a mag-tape unit, it costs 
$330,000. 

If you'd like more information on the 
computer that represents an order of 
magnitude increase in answers per 
dollar for a wide range of scientific and 
systems applications, request a copy of 
our 9300 Computer brochure. 
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FILM CLASSIFICATIONS DESCRIPTION AND USES 


Moderate 

Medium 


Very High 
Very High 


*Usod dirocf with /cod toil jcr 


100 


SUPERAY 


Relative film speeds 
(Density 1.5) 


43 



SUPERAY 


28 

SUPERAY 


Exposure: 65 KvP 
(without screens) 



Ansco Superay* ‘A’ X-ray Film. This very versatile film is excellent 
for inspection of all metals ... from thin sections at low energy 
levels to heavy sections and castings with super voltages and 
radioisotopes. It may be used with X-rays or gamma rays. Its 
fine grain and high contrast recommend it where recording small 
defects or fine details is essential. Its high speed permits short 
exposures over the full range of specimens and sources. May be 
used with or without lead screens. 


Ansco Superay 'B' X-ray Film. When very fine radiographic defini- 
tion is desired, select this film. Its extra-fine grain and very high 
contrast improve image quality with all types of gamma or 
X-radiation. It's particularly useful in light alloy radiography, 
where exacting sensitivity is more important than high speed. 
It permits accurate identification of discontinuities and inclu- 
sions in all metals. Use with or without lead screens. 


Ansco Superay 'C' X-ray Film. Superay 'C' is the fastest Ansco 
industrial X-ray film... and is recommended wherever a high 
relative film speed is of prime consideration. For example, in 
rapid production line testing or in the detection of gross flaws 
in heavy specimens with gamma radiation, Superay ‘C’ reduces 
exposures to an economical minimum. Generally used with lead- 
foil screens, it does have a number of non-screen applications. 


100 



Exposure: 1.23 MeV 
(CO 60) 

(without screens) 


19 



SUPERAY SUPERAY SUPERAY SUPERAY SUPERAY 

NOTE: Speed determinations made at density 1.5 and all films 
developed for 6 minutes at 68° F. in Ansco Liquadol Developer. 


Ansco Superay 'D' X-ray Film. Here is a medium-fine grain film 
with moderate contrast and very wide exposure latitude. It 
offers extremely high speed when used with calcium tungstate 
type screens . . . but may also be useful in radiographing speci- 
mens having a wide range of thickness. And it’s ideal for testing 
heavy metals with low voltage equipment. 


Ansco Superay 'H-D' X-ray Film. Superay 'H-D' has an ultra-fine 
grain and very high contrast. It's designed for high definition 
radiography, provides the ultimate in image quality. Since high 
definition work often involves minute subjects and very thin 
materials, low voltage techniques are generally used with 
Superay 'H-D'. However, the film maintains its high definition 
characteristics and maximum image quality throughout the full 
KvP range. 


ANSCO SUPERAY INDUSTRIAL X-RAY FILM AVAILABILITY 


Superpak 300 Superpak 600 

ISO sheets 300 sheets 600 sheets 100 envelopes 


(100 lllms) (120 lllms) (120 (lime) 


"Special (stocked on demand! 


SOLI SIZES 70 mm « 10 


YrOdd lengths (101' to 800 ) 


(25 films) 25 sheets 


B* Sandwich Paks 


Sold with P.S.... 

Personal Service 
Personal Service, prompt service 
and professional service are the 
watchwords of your Ansco X-ray 
Products Representative.To help 
you solve your technical prob- 
lems . . to help you get the best 
results with Ansco products he 
is always at your service. Feel 
free to call on him any time 
without obligation. 


|==fl Ansco 

L= Ix-RAY PRODUCTS 
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(Continued from page 5) 
cncc. Society of Plastics Engineers. Chnl- 
fontc-Haddon Hall lintels. Atlantic City. 

Jan. 27-29— Conference on Control and Sys- 
tem Optimization. Monterey. Calif. Spon- 
sors: Society for Industry & Applied 
Mathematics: American Institute of Aero- 
nautics and Astronautics; Institute for 

Mathematical Statistics; U. S. Naval Post 
Graduate School. 

Jan. 27-30— Applications Forum on Antenna 
Research, University of Illinois' Midwest 
Electronics Research Center. Urbana. III. 

Jan. 29-31— 44th Animal Meeting, American 
Meteorological Society. University of 
California. Los Angeles. Calif. 

Jan. 29-31— Solid Propellant Rocket Con- 
ference, American Institute of Aeronau- 
tics and Astronautics. Palo Alto, Calif. 

Feb. 3-7— Fiftii Annual Lectures in Aero- 
space Medicine, USAF School of Aero- 
space Medicine, Brooks AFB. Tex. 

Feb. 5-7— Fifth Winter Convention on Mil- 
itary Electronics. Institute of Electrical 
and Electronics Engineers. Ambassador 
Hotel, Los Angeles. Calif. 

Feb. 13-15— Golden Gate Metals Confer- 
ence. American Society for Metals. Fair- 
mont Hotel, San Francisco. Calif. 

Feb. 19*21— International Solid-State Cir- 
cuits Conference. Institute of Electrical 
and Electronics Engineers, Sheraton Ho- 
tel and University of Pennsylvania, Phila- 
delphia. Pa. 

Mar. 2-6— Fiftii Conference on Applied 
Meteorology (Atmospheric Problems of 
Aerospace Vehicles). Atlantic City. N. ). 
Sponsors: American Meteorological Soci- 
ety; Federal Aviation Agency. 

Mar. 4-6— Symposium on Thermal Radiation 
of Solids. San Francisco. Calif. Sponsors; 
National Bureau of Standards; National 
Aeronautics and Space Administration: 
USAF Aeronautical Systems Div,; Univer- 
sity of California at Berkeley. 

Mar. 9-10— Aerodynamic Testing Confer- 
ence, Marriott Twin Bridges Motor Hotel. 
Washington, D. C. Sponsors: American 
Institute of Aeronautics and Astronautics; 
U.S. Navy. 

Mar. 23*26— International Convention, In- 
stitute of Electrical and Electronics Engi- 
neers. Coliseum and New York Hilton, 
New York, N. Y. 

Mar. 25-27— Aerospace Bearing Conference 
( unclassified ) . Et Tropicano Motor Hotel, 
San Antonio. Tex. Sponsors: USAF; 
Southwest Research Institute. 

Apr. 1-2— Fifth Symposium on Engineering 
Aspects of Magnetohydrodynamics. Insti- 
tute of Electrical ancl Electronics Engi- 
neers. Massachusetts Institute of Tech- 
nology, Cambridge, Mass. 

Apr. 1-3— Fifth Annual Structures and Mate- 
rials Conference, American Institute of 
Aeronautics and Astronautics, Riviera 
Hotel, Palm Springs, Calif. 

Apr. 6-8— International Conference on Non- 
linear Magnetics (Intermag). Institute of 
Electrical and Electronics Engineers, 
Shorcham Hotel, Washington, D. C. 

Apr. 13-16—' Third International Flight Test 
Instrumentation Symposium. College of 
Aeronautics, Cranneid, England. 

Apr. 19-25— international Conference Si Ex- 
hibit on Aerospace Electro-Technology, 
(Continued on page 9) 



Dual Purpose Monopulse 215-260 me Receiver 

■ Crystal Controlled or Continuous VFO Tuning 

■ Complete Telemetry Facilities 

■ Three Channel Monopulse with DC and AC Error Signals 

■ Plug-In IF Amplifiers with Swilchable Bandwidlhs 

■ Optional Phase Lock Demodulators 

The ability to track and demodulate IRIG satellite signals simultaneously 
is now possible with the TTR-1 Monopulse Tracking and Telemetry Dala 
Receiver from Defense Electronics, Inc. 

Designed for use in advanced aerospace programs, the unit has been re- 
fined not only to obtain instant antenna direction for a satellite, but to 
demodulate and record the signals in conventional telemetry formats. 
As a 3-channel tracking receiver in the 215-260 me band, the TTR-1 has 
the capability of tracking the RF carrier in a narrow band mode up to the 
point where good data can be received. Switching to wide band, signals 
can be demodulated as in other DEI telemetry receivers. 

A space saver, the modular TTR-1 employs single-knob tuning with a tun- 
ing indicator, choice of two crystals or VFO operations over the complete 
215-260 me band, front-panel switchable IF and video bandwidlhs. The 
solid state correlation detectors have excellent noise balance over a band- 
width in excess of 2 me, allowing use of 1.5 me IF bandwidths. 

To combine the best in a tracking and telemetry receiver, ask about the 
TTR-1 ... and Watch DEI. 



DEI 


Defense Electronics, Inc. 


ROCKVILLE. 
GOVERNMENT E H O N E (301) 9 46 - Z 80 
AND INDUSTRY SHI AN AM OAKS, CAUFOHA 
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The vertical landing and take-off feature of the Army’s XV-5A aircraft 
demanded a light weight, reliable, wing flap actuator system. HEMCO built it 
for Ryan Aeronautical Company, builders of the XV-5A, the world's first lift 
fan aircraft. □ The EEMCO flap actuator system is exceptionally light weight. 
1 1.75 pounds, and consists of two ball-type screw jacks powered by a central 
drive unit through flexible shafting. The jacks are irreversible with non-jam- 
ming end stops. The drive unit is powered by a 28 volt DC motor having an 
electro-mechanical clutch and brake. Adjustable travel and interlock switches 
obtain an electrical stroke of 5.9 inches with an adjustment range of ± .25 
inches. □ For further information on wing flap actuator system D 1518-or 
for information on motors and actuators for aerospace and industrial applica- 
tions-write or call the EEMCO Division of Electronic Specialty. 



multi-divisional organization serv- 
ing defense and industry over a 
broad range of vital areas with 
advanced systems, sub-systems, 
and state-of-the-art components. 
Major contributions are currently 
being made in the following: 
ELECTRONIC AND 
ELECTROMECHANICAL 
CONTROLS: 

gyroscopes, relays, static switching 
devices, sensors, flashers, regula- 
tors. converters, rotary and linear 
actuators, motors, generators, 
weapon and camera controls, elec- 
tromechanical assemblies for aero- 
space applications. 
COMMUNICATIONS: 
antennas, flexible and rigid wave- 
guides, coaxial switches, diplexers, 
power dividers, filters, radio tele- 
scopes, solar furnaces, matching 
networks, antenna drive motors 
and controls. 

POWER: 

precise power systems, dynamo- 
tors, computer power sources, 
motor - generators, actuators, 
starter generators, power conver- 
sion systems, transmission towers 
for public utilities. 

SPACE CONDITIONING: 
electronically programmed envi- 
ronmental controls and systems for 
industrial, commercial, and mili- 
tary applications. 

SYSTEMS: 

Systems Laboratories conduct 
research, development and study 
programs in reconnaissance, elec- 
tronic countermeasures, interfer- 
ometer phased array systems, and 
total energy packages; integrating 
divisional components, sub-sys- 
tems, and specialized technical 

For information concerning the cor- 
porate systems capability, product line, 
or research and development programs, 


g— ■— ELECTRONIC SPECIALTY CO. 

EEMCO DIVISION • 4612 WEST JEFFERSON BLVD. 

LOS ANGELES 16, CALIFORNIA • PHONE REPUBLIC 3-0151 
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(Continued from page 7) 
Institute of Electrical and Electronics 
Engineers, Wcstward-Ho Hotel, Phoenix. 

Apr. 20-22— First Canaveral Space Congress, 
Ramada Inn, Cocoa Beach, Fla. Sponsor: 
Canaveral Council of Technical Societies. 

Apr. 21-23— Spring Joint Computer Confer- 
cnce, American Federation of Information 
Processing Societies, Sheraton-Park Hotel, 
Washington, D.C. 

Apr. 22-24— Southwestern Conference & 
Electronic Show, Institute of Electrical 
and Electronics Engineers, Dallas Me- 
morial Auditorium, Dallas, Tex. 

Apr. 24-May 3-1964 German Air Show, 
Hanover Airport, Hanover, West Ger- 

Apr. 29-May 2— National Aeronautics and 
Space Administration's Annual Conference 
on the Peaceful Uses of Space, Boston. 

May 4-6— 10th National Aerospace Instru- 
mentation Symposium, Instrument Soci- 
ety of America, Biltmorc Hotel. New 
York. N.Y. 

May 4-6— Aerospace Propulsion Meeting, 
American Institute of Aeronautics and 
Astronautics, Cleveland, Ohio. 

May 4-7— American Astronautical Society's 
10th Annual Meeting, “Technical Prog- 
ress on Lunar Flight Programs," New 
York Hilton Hotel, New York, N. Y. 

May 5-6— Fifth National Symposium on Hu- 
man Factors in Electronics, Institute of 
Electrical and Electronics Engineers, San 
Diego, Calif. 

May 7-10— International Air Fair, Biggin 
Hill, Kent, England. 

May 11-13— 16th Annual National Aero- 
space Electronics Conference (NAECON), 
Institute of Electrical and Electronics 
Engineers, Biltmorc Hotel, Dayton, Ohio. 

May 11-14 — 35th Annual Scientific Meeting, 
Aerospace Medical Assn., Americana Ho- 
tel, Miami Beach, Fla. 

May 13-15— 20th Annual National Forum, 
American Helicopter Society, Sheraton 
Park Hotel, Washington. D. C. 

May 18-21— 23rd Annual National Confer- 
ence, Society of Aeronautical Weight En- 
gineers, Shcraton-Dallas Hotel, Dallas. 

May 19-21— International Symposium on 
Microwave Theory and Techniques, Insti- 
tute of Electrical and Electronics Engi- 
neers, Idlewild Airport, N. Y. 

May 25-27— General Aviation Design & Op- 
erations Meeting, American Institute of 
Aeronautics and Astronautics. Wichita. 

May 26-28— Second International Forum for 
Air Cargo, Sheraton-Mt, Royal Hotel, 
Montreal. Canada. Sponsors: Society of 
Automotive Engineers; American Insti- 
tute of Aeronautics and Astronautics; Ca- 
nadian Aeronautics & Space Institute. 

May 31-Junc 7— International Air Show & 
International Airport Equipment Exhibi- 
tion, Cascllc Airport, Turin, Italy. 

June 2-4— National Telemetering Confer- 
ence, American Institute of Aeronautics 
and Astronautics/ Institute of Electrical 
and Electronics Engineers/ Instrument 
Society of America, Biltmorc Hotel, 
Los Angeles, Calif. 

June 2-4— National Symposium on Global 
Communication (GLOBECOM VI), In- 
stitute of Electrical and Electronics Engi- 
neers, University of Pennsylvania and 
Sheraton Hotel. Philadelphia, Pa. 


EXTRA SERVICE 
IN MINUTES! 

WITH 

AERO-STRETCHER 

by Aeratherm 




No Seat Removal 

Aero-stretcher . . . eliminates costs 
incidental to seat removal, storage, 
pitch changes, and re-installation. 

craft ... not on the ground. 

Privacy 

Aero-stretcher . . . Integral curtains 
provide complete privacy or may 
be opened along entire inboard 
length. 

Comfort 

Aero-stretcher . . . Patient rides at 
window height with adjustable 
back rest, foam mattress and 
light-weight non-restricting safety 
harness. 



//VO Li S 777/£^S, i/VC. 

• BANTAM, CONNECTICUT 
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‘“I’m off to the moon!’ cried Wan Hoo as the rocket fuses were lit. But the rockets 
collapsed with a roar and he was battered and foiled again.” 

(Based on 16th century Chinese chronology > 


It was back to the drawing board for 
Wan Hoo. But even if his concept had 
been right, this “rocket ship” never 
could have made it. Materials to meet 
the strength-to-weight and heat- 
resistant requirements of high per- 
formance rocket cases just didn't 
exist when this flight was attempted. 

Today aircraft designers and engi- 
neers can find materials to cope with 
almost any condition of temperature 
or stress. And many of these alloys 
owe their properties largely to nickel. 

10 


The new maraging nickel steels, for 
example, have strength-to-weight 
ratios of over 1,000,000 to 1. They’re 
the ideal answer to many of aero- 
space’s toughest problems— including 
solid fuel rocket cases. 

Maraging nickel steels, invented in 
Inco's research labs, are easily heat 
treated, require no quench, and un- 
dergo virtually no distortion during 
heat treatment. And they’re the only 
ultra-high strength steels that can be 
used effectively where field-welded 


fabrications or repairs are involved. 

For more information about how 
specific maraging steels can answer 
your aerospace applications (or for 
any application requiring strength in 
the 200,000-300,000 psi range) send 
for the Interim Data Sheets on 
Maraging Nickel Steels. 

THE INTERNATIONAL NICKEL COMPANY, INC. 

67 Wall Str«t < |^Ne« York 5, N.Y. 


DDP- 24 digital computer introduced March, 1963 




Orders to date* including 



Three DDP-24 
Computers To EAI 
For Hydac - 2400 

FRAMINGHAM, MASSACHU- 
SETTS — Electronic Associates, 
Incorporated, Long Branch, New Jersey, 
lias ordered three DDP-24 general 
purpose digital computers from Com- 
puter Control Company, Inc. The 
three computers were ordered a 


-- part 

a continuing EAI/3C. contract by 
hich 3C supplies the digital portion 
: EAI’s new HYDAC-2400 — the fits! 
andard, commercially available 
analog/digital computer system. The 
design of the HYDAC-2400 provides 
for the system to function as a totally 
tegrated unit and also as separate 
lalog and di^it^ computers. 

3C Delivers 
DDP-24 Computer 
For Gemini Trainer. 

FRAMINGHAM, MASSACHU- 
SETTS — Computer Control Com- 
pany, Inc., delivered the first of two 
DDP-24 Digital Data Processors 
ordered by McDonnell Aircraft Corp- 
oration for use in the Gemini Flight 
Trainer System. 

The DDP-24 will be the basic 
computer in the system and will pro- 
vide real-time simulation of the on- 
board guidance computer through all 
phases of launch, boost and insertion, 
orbit, rendezvous and docking, retro 
and re-entry, and letdown. T»*» cr— 


NASA Orders 
3C DDP-24 
Computer 

FRAMINGHAM, MASSACHU- 
SETTS - A DDP-24 Digital Data 
Processor has been ordered from 
Computer Control Company, Inc., 
by NASA for the Goddard Space 
Flight Center. 

The high speed, general purpose 
computer will be used as a simulator 
for a world-wide tracking network 
for manned spacecraft. Data will be 
utilized in determining vehicle orbits, 
n-i— " * — -*c. The 


Litton Orders 3C 
DDP-24 Computer 

FRAMINGHAM, MASSACHU- 
SETTS — A Computer Control 
Company DDP-24 general purpose 
computer has been ordered by Litton 
Industries for their Communication 
Sciences Laboratory in Waltham, 
Massachusetts, 

Litton will use the high speed 
DDP-24 for open-shop scientific and 
engineering coraputaticn. Included 
as part of the standard DDP-24 
contract agreement is a comprehen- 
sive software package including 
FORTRAN H and 3C e. ' 

sunnorr services. 


Air Force To Get 
3C DDP-24 


cral purpose computer has Seen 
ordered by the Air Force Sys- 
tems command, Aeronautical 
Systems Division, Wrieht- 
Patterson Air Force Base, Ohio. 

The Air Force will use the 
high speed DDP-24 for on-line 
data format conversion and also 
off-line "for general purpose 
computation. Included with the 
I DDP-24 is a comprehensive soft- 
[ ware pacJcno* bu-'" ” ~ 

3C DDP-24 
Slated For 
Haskins Lab 

FRAMINGHAM, MASSA- 
CHUSETTS — A Computer 
Control Company DDP-24 general 
purpose computer has been 
ordered by Haskins Laboratories, 
Inc., New York, N. Y. Haskins 
will use the very high speed, 
24-bit word DDP-24 for applica- 


CDMPUTER CONTROL COMPANY. INC. 
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Classic Jobs of Measurement 


Performed by Electro Instruments 


THE El VIEWPOINT 
by Dr. Walter East 



Two Types of Interference 

Besides variations inherent in a voltage 
source, a secondary set of variations 
can come about with the introduction 
of a magnetic field, either natural or 
man-made. We know these variations as 
normal mode and common mode inter- 
ference voltages, with unwanted normal 



ripple 

it Electro 


aake. Recognizing that, in 


DC voltage measuren 
normal mode voltages 
mon mode voltages. w< 


Oscilloscope Raises Level of 
Confidence in Tape Recordings 

The mere presence of recorded elec- 
tronic impulses on tape does not nec- 

Operational tests of aircraft, missiles, 
spacecraft etc.yely on^tape recordings 

Mechanical n 

provides only quantitative observation. 
Use of monitor oscilloscopes provides 


m 

□ 


Electro Instruments, Inc. 

8611 Balboa Avenue, San Diego 12, California 


Et SALES. ! 




ELECTRO INTERNATIONAL. INC., ANNAPOLIS, 


TRANSFORMER ENGINEERS, 


GABRIEL, CALIF. 



THE FLEXIBLE MEN AND THE APOLLO In today's fast-moving aerospace industry, the constant inter- 
relating of many scientific disciplines has led to a new age of versatility. 

The single-minded specialist of yesterday has broadened his horizons to meet new challenges. He has become, in 
effect, a modern Renaissance man. A man well-versed in all fields of knowledge relating to his world of aerospace. 
Thus today's chemist is also an electronics expert. Today's mathematician is at home in space flight technology. 
Today's design engineer can talk propulsion with rocket men, life sciences with biophysicists. 

From the resulting intellectual ferment— the intermingling of ideas— are coming achievements such as the world 
has never seen. Among them: the three-man Apollo module— an aerospace project being built by NAA's Space & 
Information Systems Division to carry America's astronauts to the moon and return them to earth. Such advances 
are possible only because the men seeking them are not die-cast, their talents not hardened in a single mold. 
For these are the flexible men. 

North American Aviation is at work in the fields of the future through these divisions: Science Center, 
Atomics International, Autonetics, Columbus, Los Angeles, Rocketdyne, Space & Information Systems. 





New Raytheon radar-TV helps FAA 
keep a finger on your flight path 

Point by point, minute by minute around the clock, the 
Federal Aviation Agency's air traffic control system keeps 
its radar finger on U.S. commercial flights. 

Now, with new "bright display" equipment developed 
by Raytheon, the FAA can follow your flight with even 
greater efficiency. NcwT V-like"bright display"will give radar 

Conventional radar pictures show each aircraft as a single 




The King Air, Beechcraft's first turbine powered aircraft, is the new leader of a royal 
lineage established by the Queen Air and the Baron. United Aircraft of Canada is 
proud that its Pratt & Whitney PT-6 engines were chosen to power this crowning 
achievement in executive aviation. The PT-6 is the newest member of another proud 
lineage— weighing in at a lean 250 pounds and delivering a powerful 578 ESHP; the 
PT-6 incorporates the design experience, endurance and rugged 
dependability that have won renown for Pratt & Whitney engines the 
world over. It’s more than a royal marriage. It's a winning combination. 


United 

fiircraft 


OF CANADA LIMITED 




AUTOMATIC 

ilAimiodim]© 

LEADERSHIP! 


SMITHS CHOSEN FOR TEN OUTSTANDING 
types SMITHS Automatic Landing Systems 
are being actively developed for use, or have 
already been fitted to, ten different types of 
aircraft. Fifteen years of development and 
foresight, millions of hours experience in 
autopilot operations and 10,000 successful 
automatic landings have put SMITHS years 
ahead in design and practical accomplishment 
under actual conditions. 

SMITHS IS A FLIGHT-PROVED SYSTEM 
SMITHS automatic landing system is no mere 
experimental prototype - it is not limited to 
the control of one experimental aircraft 
under simulated conditions. 

SMITHS SYSTEMS HAVE BEEN CHOSEN FOR: 
TRIDENT VULCAN CANBERRA DC.7 
BELFAST CARAVELLE ARGOSY 
COMET VARSITY VICTOR 


SMITHS 





Task Force. Under Sperry systems management, 337 companies, including 18 major subcontractors, 
share responsibility for the navigation of every Polaris-firing submarine. It was Navy’s precept that the 
nation’s best talents be teamed for the job.O Because the system must continuously and precisely provide 
exact position information for launching the Polaris, our long experience in navigation 
and inertial technology made Sperry a logical management choice.O Among new tech- 
nologies contributed to the program by Sperry were ultra-low drift gyroscopics, the SINS 
inertial system, the advanced NAVDAC computer, and new processing techniques for a 
sea of technical and management data. Vital to U.S. defenses, Polaris will serve other free division of 

world forces as well. SPERRY POLARIS, Sperry Gyroscope Co., Great Neck, New York. corporation 
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"FLY WITH IT, AND YOU WILL NEVERWAC£T.TO FEY WITHOUT IT!' 
That's what pilots have said about the Hiller/Hamilton Standard SAS. Highly 
simplified and at an economical price for light helicopters. Among LOH's only 
the OH-5A has SAS. And only Hiller has perfected, fully tested, and received 
EA.A. Certification of SAS on a light helicopter. 
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EDITORIAL 
An Indelible Mark 


President John F. Kennedy left an indelible mark on 
the space and defense policies of this nation. The policy 
changes he initiated may be modified with the passing of 
time, but their directions will not be reversed from the 
basic course he set when he gave the country its first 
marching orders under his command: “forward!” 

I Ie was a truly modern President, who quickly grasped 
the significance of the new products spawned by aero- 
space technolog;'. He used jet helicopters, long-range jet 
transports and satellites, both communication and recon- 
naissance, as routine tools of his trade. He had an 
intuitive grasp of the significance of new technolog;' as 
an essential element of modern power. As a sometime 
seafarer, he enjoyed the company of the air- and space- 
farers who were opening these new frontiers. He spent 
more time with them than did any other President, both 
in the White House and among the gantries and the 
launch pads. He enjoyed being initiated by them into a 
layman’s understanding of their strange vehicles and 
equipment. 

As commander-in-chief of the armed forces, he reversed 
the policy of using a budgetary ceiling as the primary 
element of defense planning and applied the military 
strength needed as his basic measuring rod. He never 
shrank from asking for the fiscal increases this policy 
required, however unpopular the action proved. 

He continued to strengthen the basic nuclear deterrent 
forces, but switched from sole reliance on them to build- 
ing effective conventional forces to deal with every other 
type of aggressive threat short of full-scale nuclear war. 
lie insisted on utilizing the full flexibility and mobility 
offered by air transport to ground forces, and launched a 
massive program to modernize military air lift. 

The founding fathers’ principle of civilian control of 
the military was never practiced more firmly than by his 
Administration. It also conducted the most successful 
attempt yet to dissolve the unnecessarily parochial service 
boundaries into a more effective instrument of national 
power. Although some of this went too far in ignoring 
competent military advice, it was effective in shaking the 
traditional military leaders out of their narrow, service- 
oriented viewpoints, into which it will be difficult for 
them to ever retreat again. It also shocked them into a 
more responsible perspective on their role in the deci- 
sion-making process. 

President Kennedy was the first commander-in-chief to 
exercise fully and effectively the massive nuclear deter- 
rent to repel a major strategic threat to this country’s 
security. The Russians’ withdrawal of their ballistic 
missiles from Cuba was a major turning point in history. 
It would not have been possible without the skill and 
determination of the commander-in-cluef’s deployment 
of the nuclear striking forces. The pattern it set is likely 
to determine the character of U.S.-USSR relations for 
some time to come. 

The supersonic transport program was transformed 
from a vague exploratory effort into an actively pursued, 
firm national goal by his personal stimulus. As with other 
programs he initiated, the subsequent fumbling of his 
aides cannot obscure the fact that it was he who per- 
sonally galvanized supersonic transport research into 
hardware-oriented action. 


But it is in space that his hallmark is most certain to 
survive corrosion of time. In his special message to 
Congress on "Urgent National Needs” (see p. 25), the 
national space program was transformed from a sluggish, 
reluctant reaction to Soviet triumphs into a sparkling 
American challenge which demanded that this nation 
strain its ever;' resource to achieve pre-eminence in this 
new technology of modern power. The imaginative 
audacity of focusing this program on a manned lunar 
landing still leaves many Americans gasping, as does the 
magnitude of the effort required to achieve this technical 
leadership. 

This policy, too, has traveled a roughly cobbled road, 
but President Kennedy welcomed the jousting with his 
critics. On the last occasion we saw him in action he was 
awarding the Collier Trophy to the seven Mercury astro- 
nauts in the White House rose garden, just a month 
before his death. He was in his characteristic jaunty, gre- 
garious, humorous mood that is the way so many people 
will remember him. As the formal ceremony was con- 
cluded he moved around the portico steps spotting 
familiar faces in the audience of aerospace notables and 
beckoning them up for a personal word — Jimmy Doo- 
little. Jackie Cochran, Hugh Dryden and others. Then, 
with the spontaneity of a man who has just recaptured a 
straying thought, he again took the microphone and 
began a pointed thrust at critics of his space program. 
He compared these critics with those supposedly wise 
men at the turn of the century who sagely informed the 
world that what those Wright brothers were then doing 
in Dayton would never amount to much and that manned 
flight through the air would never have much significance 
for the world. He noted that space was now technically 
in the same relative stage that the Wrights were in 
during the first years after Kitty Hawk. Smiling, he said he 
wouldn’t be surprised if the people who thought we were 
foolish to try to voyage into space would turn out to be 
just as right as the early evaluators of the Wright brothers. 
He left his audience chuckling at a point well made. 

He made it even better in his last major speech the day 
before his death in Dallas. On Nov. 21, speaking at the 
USAF School of Aerospace Medicine in San Antonio, 
he said: 

“The conquest of space must and will go ahead. That 
much we know. That much we can say with confidence 
and conviction. . . . 

“Frank O’Connor, the Irish writer, tells in one of his 
books how, as a boy, he and his friends would make their 
way across the countryside, and when they came to an 
orchard wall that seemed too high, too doubtful to try, 
too difficult to permit their journey to continue, they 
took off their hats and tossed them over the wall— and 
then they had no choice but to follow them. This nation 
has tossed its cap over the wall of space— and we have no 
choice but to follow it." 

And when the first American astronauts return safely 
from the moon, as they surely will, we should remember 
that it was John F. Kennedy, as our 35th President, who 
tossed our caps over the wall of space and made us 
surmount it successfully. 

—Robert Hotz 


Highest performance yet achieved in arming and 
fuzing for ballistic missiles has come from Ford 
Instrument Company, designers and builders of 
safing, arming & fuzing systems for Jupiter and 
Pershjng. We are currently engaged in the design 
and development of arming and fuzing systems for 
short, medium and long- 
, range, high-performance 
advanced ballistic missdc 


ARM... 

FUZE... 

BOOM! 


systems. We’ve racked up 
solid experience in this 
critical technical area of 
weapon-development and 
production. Here at Ford Instrument you 
will find the complete array of engineer- 
ing and management talents with facilities 
to meet safing, arming and fuzing re- ^ 
quirements reliably . . . and on schedule, t 




FORD INSTRUMENT CO. □ DIVISION OF SPERRY RAND CORPORATION 





IF YOU’RE INVOLVED IN ORBITAL RESEARCH EXPERIMENTATION, WE CAN 
MAKE YOU A VERY GOOD DEAL ON YOUR NEXT SATELLITE. Interested? You should 
check into our BOCS. (That's a space-saving acronym for Bendix Optimum Configuration 
Satellite.) It's proven and ready to go right now so you can put more of your budget, and time, 
into the experiment rather than into a satellite structure development program. The economy- 
priced BOCS was designed (and proven) as an optimum configuration for payloads of 50 to 150 
pounds with power requirements up to 20 watts. (We get all that power by making the BOCS 
thirty-sided, giving a lot of surface for solar cells.) The BOCS is available, it's compatible with 
typical booster shrouds and mating hardware, its structure and power reliability is high and 
you can get it for less dollars than comparable satellites. For more information, call or write 
Bendix Systems Division, Ann Arbor, Michigan. 




Bendix Systems Division 


WHERE IDEAS 
UNLOCK 
THE FUTURE 


The Basic Challenge 


(The basic change in U. S. space policy was made by the 
late President John F. Kennedy in a special message on 
"urgent national needs" delivered to a joint session of Con- 
gress on May 25. 1961, Since the portion of this message 
on space defines the policy that now prevails, and raises the 
challenge the nation is now working to meet as well today 
as it did when it was delivered, we arc republishing the 
pertinent portions of that message as a reminder of where 
we are going in space and why. — RBH) 

Finally, if we are to win the battle that is now going 
on around the world between freedom and tyranny, the 
dramatic achievements in space which occurred in recent 
weeks should have made clear to us all, as did Sputnik 
in 1957. the impact of this adventure on the minds of 
men everywhere, who are attempting to make a deter- 
mination of which road they should take. Since early 
in my term, our efforts in space have been under review. 
With the advice of the Vice President, who is chairman 
of the National Space Council, we have examined where 
wc are strong and where we are not, where we may suc- 
ceed and where we may not. Now it is time to take 
longer strides— time for a great new American enterprise 
—time for this nation to take a clearly leading role in 
space achievement, which in many ways may hold the 
key to our future on earth, 

I believe we possess all the resources and talents neces- 
sary. But the facts of the matter are that we have never 
made the national decisions or marshalled the national 
resources required for such leadership. We have never 
specified long-range goals on an urgent time schedule, 
or managed our resources and our time so as to insure 
their fulfillment. 

Recognizing the head start obtained bv the Soviets 
with their large rocket engines, which gives them many 
months of lead-time, and recognizing the likelihood that 
they will exploit this lead for some time to come in still 
more impressive successes, we nevertheless arc required 
to make new efforts on our own. For while we cannot 
guarantee that we shall one day be first, we can guarantee 
that any failure to make this effort will make us last. 
We take an additional risk by making it in full view of 
the world— but as shown by the feat of Astronaut 
Shepard, this very risk enhances our stature when we 
arc successful. But this is not merely a race. Space is 
open to us now and our eagerness to share its meaning 
is not governed by the efforts of others. Wc go into 
space because whatever mankind must undertake, free 
men must fully share. . . . 

I believe that this nation should commit itself to 
achieving the goal, before this decade is out, of landing 
a man on the moon and returning him safely to the 
earth. No single space project in this period will be more 
impressive to mankind, or more important for the long- 
range exploration of space; and none will be so difficult 
or expensive to accomplish. We propose to accelerate 
development of the appropriate lunar space craft. We 
propose to develop alternate liquid and solid fuel boost- 
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ers, much larger than any now being developed, until 
certain which is superior. We propose additional funds 
for other engine development and for unmanned ex- 
plorations— explorations which arc particularly important 
for one puqjose which this nation will never overlook: 
the survival of the man who first makes this daring flight. 
But in a very real sense, it will not be one man going to 
the moon— if we make this judgment affinuativcly. it 
will be an entire nation. For all of us must work to put 
him there. . . . 

Let it be clear— and this is a judgment which the 
members of Congress must finally make— let it be clear 
that I am asking the Congress and the country to accept 
a firm commitment to a new course of action — a course 
which will last for mam- years and earn' very heavy 
costs of 551 million dollars in Fiscal 1962— an estimated 
seven to nine billion dollars additional over the next five 
years. If we arc to go only half way, or reduce our sights 
in the face of difficulty, in my judgment it would be 
better not to go at all. 

Now this is a choice which this country must make, 
and I am confident that under the leadership of the 
space committees of the Congress, and the appropriating 
committees, that you will consider the matter carefully. 

It is a most important decision that wc make as a 
nation. But all of you have lived through the last four 
years and have seen the significance of space and the 
adventures in space, and no one can predict with cer- 
tainty what the ultimate meaning will be of mastery of 

I believe we should go to the moon. But I think every 
citizen of this country as well as the members of the 
Congress should consider the matter carefully in making 
their judgment, to which we have given attention over 
mail}' weeks and months, because it is a heavy burden, 
and there is no sense in agreeing or desiring that the 
United States takes an affirmative position in outer space, 
unless we arc prepared to do the work and bear the 
burdens to make it successful. If we are not, we should 
decide today and this year. 

This decision demands a major national commitment 
of scientific and technical manpower, material and fa- 
cilities, and the possibility of their diversion from other 
important activities where the}' are already thinly spread. 
It means a degree of dedication, organization and dis- 
cipline which have not always characterized our research 
and development efforts. It means we cannot afford 
undue work stoppages, inflated costs of material or 
talent, wasteful inter-agency rivalries, or a high turnover 
of key personnel. 

New objectives and new money cannot solve these 
problems. They could in fact, aggravate them further— 
unless ever}' scientist, every engineer, every serviceman, 
ever}’ technician, contractor, and civil servant gives his 
personal pledge that this nation will move forward, with 
the full speed of freedom, in the exciting adventure of 
space. 

25 



Johnson Stress on Military Space Seen 


Push to fulfill Kennedy’s plans expected before new 
President asserts his own ideas in aerospace fields. 

Washington— President Lyndon B. Johnson is likely to play a more direct 
role than his predecessor in the nation's military space and supersonic trans- 
port programs after the current transitional period, during which the emphasis 
is on showing the nation and the world that President Kennedy's commit- 
ments will be fulfilled. 

This means there will be no immediate policy changes in space, defense 
and civil aviation. But the aerospace industry', during the next vear, can expect 
the new President to put his mark on several programs through changes in 
emphasis rather than in basic design. Industry can expect President Johnson 
at the same time to yank many of the Kennedy Administration proposals out 
of their congressional pigeon holes and push them through the legislative mill. 


Time, politics and the temperament 
of the new President all point toward 
this course of action, as docs his own 
message to Congress last week (sec p. 
28). President Johnson lias less than a 
year between now and the 1964 presi- 
dential election to build his record; 
space and defense budgets are too near 
completion to make major shifts with- 
out causing a wholesale disruption in 
fisc-al planning; and he prides himself 
on his ability to work his will on Con- 
gress. 

Within this broad framework of ac- 
tion there are many issues in space, de- 
fense and aviation that President John- 
son must decide over the next several 
months. Aviation Week & Space 
Technology interviewed officials in the 
White House. Congress, Pentagon, Na- 
tional Aeronautics and Space Adminis- 


tration and aviation community to ob- 
tain the following consensus of what 
President Johnson’s leadership will 
mean to the aerospace industry; 

Space Policy 

• Consensus. President Johnson is even 
more enthusiastic about the national 
space program than was President Ken- 
nedy. and will support it wholeheart- 
edly. However, he will insist on an 
adequate role for the military even if it 
means spending more money. But no 
immediate head-on collision with De- 
fense Secretary Robert S. McNamara— 
who is yet to be sold on military space 
—is anticipated. President Johnson will 
insist on close NASA-Defense Dept, 
coordination, and will knock heads if 


he does not get it. He probably will go 
along with NASA’s plan to ask Congress 
for about S5.5 billion for Fiscal 1965. 
Space agency asked for S5.7 billion for 
Fiscal 1964. Congress voted S5.1 bil- 
lion (AW Nov. 25, p. 31 ). Chances ap- 
pear slim that President Johnson will go 
so far as to ask Congress to reverse 
itself by requesting a supplemental ap- 
propriation next January to make up for 
this vear’s cut. 

These are among the imminent pol- 
icy decisions President Johnson will 
have to make on specific projects; 

• Gemini. Air Force up to now has 
privately protested that the Jan. 21, 
1965, NASA-Defense Dept, agreement 
does not give it any significant role in 
this next manned space flight program 
(AW July 22, p. 225). President John- 
son will review the objections and may 
enlarge the Air Force role. Some space 
officials foresee an amendment of the 
agreement which will allow Air Force 
not only to man Gemini capsules, but 
also to plan and control some missions. 

• Apollo. President Johnson is expected 
to oppose budget cutters and keep this 
massive program to land a man on the 
moon by 1970 on schedule. He is 
credited with being the architect of the 
large booster program acceleration, 
which began in March, 1961. and with 
being the most outspoken proponent in 
the White House family for the lunar 
landing goal, which was made a na- 
tional policy two months later. 

• Military space station. Question is 
whether this expensive project— esti- 
mated to cost from S500 million to S3 
billion-should be undertaken and. if 
so. whether NASA or Air Force should 
manage it. Rep. Thomas Morris (D.- 
N. M.), member of the House space 
committee and advocate of the project, 
said President Kennedy told him several 
weeks ago that he had not made up his 
mind on it. Rep. Morris feels the Air 
Force should manage the station be- 
cause NASA already is overburdened 
with space projects, while the military 
has comparatively few. 

• USAF-Boeing X-20 (Dyna-Soar). No 
immediate prospect is seen for President 
Johnson to reverse McNamara and ac- 
celerate its development. Some predict 
X-20 will be abandoned in 1965 in 
favor of a space station or another 
winged re-entry' vehicle program. 

• Personnel. NASA Administrator James 
E. Webb expected to be retained. Pres- 
ident Johnson said last March "there 
is no man in this country' that has done 
a finer job than Administrator Webb." 

Chairman Clinton P. Anderson (D.- 
N. M.) of the Senate space sciences 
committee said. "I don’t sec any change 
... in the basic programs or poli- 


Prcsident’s Space. Military Background 

Washington— President I.vndon B. Johnson comes to his new joh with considerable 
legislative experience in snace and military activities as a result of his committee 
assignments while a member of Congress from 1937 through I960, and his chairman- 
ship of the National Aeronautics and Space Council since his election as vice 
president. 

lie took tile lead in creating the Senate Special Space and Astronautics Committee 
in 1958. and became its first chairman. He remained chairman of that body when it 
became the permanent Acrnn eti al and Space Sciences Committee. 

His military legislative background started with the former House Naval Affairs 
Committee in 1937. He served there until 1937. when he went to the successor 
group— House Armed Services Committee, under Rep. Carl Vinson (D.-Ga.). In 
1933 and 1935 he w-as a member of the House Select Committee on Postwar 
Military Policy. 

When he went to the Senate in 1939. President Johnson was named to the Armed 
Services Committee and became chairman of its Preparedness Investigations Subcom- 
mittee when it was founded in 1950. His work there convinced him a separate space 
committee was needed. 

His investigating subcommittee on Jan. 23. 1958. said Russia was ahead of the 
U. S. in several military areas and recommended 17 remedial actions, including accel- 
erated weapon development and a broader space program. 

He was Senate Majority Leader from 1953 to 1961, when he became vice presi- 
dent. In his message to the Senate Apr. 23. 1960. Johnson listed as among “the 
major challenges of the 60s." the “challenge of the exploration of space." 

He was a Navy lieutenant commander in 1931 and 1932. receiving the Silver Star 
while serving in the Pacific. 
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‘Military Vigilance’ Ordered 

Defense Secretary Robert S. McNamara ordered a state of ‘‘military vigilance" 
among U. S. worldwide forces within an hour after the assassination of President 
Kennedy w-as confirmed on Nov. 22. Later that day. President Johnson concurred in 
the decision. 

“Military vigilance” is an informal term requiring that top commanders or 
deputies of specified and unified commands and their staffs be available in their 
headquarters. 

McNamara and McGeorge Bnndy, presidential assistant w4io maintains the White 
House situation room, briefed President Johnson on the strategic military situation 
immediately after his return to Washington from Dallas. The situation room is a 
compact operations control center where current tactical and strategic situations are 
displayed. It also contains communications to Joint Chiefs of Staff and unified and 
specified commands. 

McNamara and Bundy informed the President that the Joint Chiefs of Staff had 
met twice since the assassination, and on both occasions agreed that the normal alert, 
with the added proviso of military vigilance, was sufficient to maintain national 
safety. Normal alert places 50% of Strategic Air Command bombers on ground 
alert, along with a full alert of Polaris missile submarines and Air Force ballistic 
missiles. 

A yellow alert would have placed most forces on standby, ready for deployment 
and action. Top readiness condition is red alert, in which combat forces arc ready 
for defense or strikes. 


ties" coming immediately from Presi- 
dent Johnson's stewardship. Chairman 
George P. Miller (D,-Calif.) of the 
House space committee expressed the 


Defense Implications 

t Consensus. Unlike President Truman, 
who did not know of the atom bomb's 
existence while he was vice president. 
President Johnson participated fully in 
military policy-making while he was vice 
president. He also has praised Mc- 
Namara highly. And any sharp shifts in 
defense policies would be disturbing to 
U. S. allies in this period of transition. 
In addition, the Fiscal 1965 Defense 
Dept, budget is just about finished and 
is slated to go to print Dec. 15 (AW 
Oct. 14. p. 26). Target figure is S47 
billion. All this indicates President 
Johnson will make only minor changes 
in emphasis within the already set con- 
fines of the Fiscal 1965 Defense Dept, 
budget. 

Soon after the new budget is pre- 
sented to Congress— or even before, in 
some cases— President Johnson will have 
lo make major decisions in these areas; 
• Military space. The dollar investment 
in this area-in addition to the specific 
projects detailed above— will have to be 
determined. Anticipated Fiscal 1965 
total is about $1.7 billion-same as 
Fiscal 1964. President Johnson is ex- 
pected to bear down hard to avoid 
duplication of effort. 

Rep. Bob Casey (D.-Tex.) of Hous- 
ton, a member of the House space com- 
mittee and friend of President Johnson, 
predicted the new President will not 
increase military space spending at the 
expense of NASA. He said there is no 
immediate need for President Johnson 


to change the balance between NASA 
and Defense Dept., since the civilian 
space agenev’s development work is ap- 
plicable to future military missions. I4e 
said the time to have separate NASA- 
Defense Dept, space programs may 
come after the Gemini program is com- 
pleted. "There was a time,” Rep. Casev 
said, “when coordination between 
NAS.-\ and Defense was pretty poor. 
But this past year there has been closer 
coordination. So there is no use of hav- 
ing two programs now." 

Space officials predict that eventually, 
however. President Johnson will tip the 
space balance more toward the military. 
They cite his long record while in Con- 
gress of demanding more money for 


defense, and his emphasis while vice 
president on the security value of space 
exploration. 

• Budget ceiling. McNamara has stated 
that military spending has hit a plateau 
and will level off in the future (AW 
Nov. 25, p. 29). President Johnson un- 
doubtedly will try to fulfill that pledge. 
The question is whether he can rely on 
transfers of money under that ceiling to 
make changes in emphasis. Chairman 
George H. Mahon (D.-Tcx.) of the 
House defense appropriations subcom- 
mittee is among those predicting Presi- 
dent Johnson will try to keep the De- 
fense Dept, budget on its present 
plateau. 

But the Republicans in election year 
1964 will decry' any cuts in weapon sys- 
tems to stay within this ceiling. A 
House Republican group already is 
claiming there is too little spending for 
military space. Rep. Gerald R. Ford 
(R.-Mich.). ranking Republican on the 
Mahon subcommittee, said such built-in 
increases as pay raises and inflation are 
bound to make the Defense Dept, 
budget keep rising unless the Johnson 
Administration cuts personnel or hard- 
ware. Rep. Ford, a party leader, said 
the cuts should be in personnel— indi- 
cating this will be one of the many 
military issues in the 1964 campaign. 

• USAF-General Dynamics B-58 bomb- 
ers. USAF Gen. Thomas S. Power, 
commander of the Strategic Air Com- 
mand. is asking his superiors to re-start 
the General Dynamics production line 
in Ft. Worth and build 228 more B-5Ss. 
McNamara has rejected past requests, 
including ones from Congress, to build 
more B-5Ss. But there is a chance that 
President Johnson may decide otherwise 
after he learns the expense of keeping 
the USAF B-52s in service, and the 


Relay Beams Live Coverage Abroad 

Washington— Live television coverage of the events following President Kennedy’s 
assassination was beamed via the Relay communications satellite to more than 201) 
million viewers in Japan. Europe and Russia. 

Combined domestic and overseas audience totalled nearly 300 million— the largest 
ever to watch live coverage of a news event. It was also the first time the Soviet 
Union requested that coverage of a live U. S. event be transmitted to Russia. 

Ironically, a broadcast to Japan Nov. 22 was to have included a message from 
President Kennedy, filmed and recorded outside the White House bv the late 
President on Nov. 20 (see p. 31). In the actual transmission at 3:30 p.m. Nov. 22- 
two hr. after the assassination— President Kennedy’s message was omitted. The 
telecast included a biographical sketch ot President Kennedy's life then being 
shown on U. S. networks. 

Four hours, 30 min. later, in another transmission, network news coverage was 
sent to Japan. Other broadcasts were: 

• Saturday— Four 10-min. transmissions to Western European countries. 

• Sunday— Three broadcasts, two for 15 min. and one for 20 min., to Western 

• Monday— Half-hour broadcast to every country in Europe, including Russia, of 
coverage of the funeral procession to St. Matthew's Cathedral; also, two transmis- 
sions to Japan. 

U. S. Information Agency estimates that most of the 58 million viewers in Japan, 
163 million in Europe and Russia saw one or more of the telecasts. 
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Johnson Familiar With Aerospace Facilities 

Cape Canaveral— Both President Johnson and the late President Kennedy demon- 
strated intense interest not only in policies of the space program, but also in the 
people, hardware 3nd facilities of the entire aerospace field. 

Both visited here three times. President Johnson's first trip was Jan. 15. 1961, six 
days before he was sw'om in as vice president. He also visited here with President 
Kennedy on two occasions-Feb. 25. 1962. to greet Marine Lt. Col. John H. Glenn. 
Jr., first U. S. orbital pilot, and for briefings on Sept. 11, 1962. 

Their September. 1962, visit was part of a trip to space installations that included 
the Manned Spacecraft Center in Houston, and the McDonnell Co. plant in St. 
Louis (AW Sept. 17. p. 26). 

President Johnson also visited West Coast aerospace facilities, including the 
Pacific Missile Range and Edwards rocket test center, in October. 1961 (AW Oct. 9. 
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poor reliability figures on strategic mis- 
siles. He unsuccessfully urged Gen. 
Curtis E. LeMay, USAF chief of staff, 
in 1961 to build more B-58s rather than 
rely solely on the North American B-70. 
Rep. James C. Wright, Jr. (D.-Tex.) of 
Ft. Worth-who also is pushing for re- 
sumption of B-58 production-said he is 
"not too hopeful" about President 
Johnson reversing McNamara on the 
issue at this time. 

• USAF-North American B-70. Presi- 
dent Johnson is not expected to push 
this program beyond the three proto- 
types that are currently under develop- 

• Follow-on aircraft. Associates of the 
President declare his long-time enthu- 
siasm for military aircraft improves Air 
Force chances for obtaining full funding 



for the three concepts now under study 
—advanced manned penetrator (AMP), 
multi-purpose long endurance (Maple) 
aircraft and a small, high-altitude 
bomber. 

• Personnel. Pentagon insiders feel they 
will get a significant reading on Presi- 
dent Johnson's attitude toward present 
military leaders bv what action he takes 
on these scheduled 1964 retirements 
and subsequent promotions of others: 
Gen. LeMav, Gen. Power, and Adm. 
Harry D. Felt, commander-in-chief. Pa- 
cific. Another question is whether Gen. 
Maxwell D. Taylor, chairman of the 
Joint Chiefs of Staff who first was re- 
called to duty by President Kennedy to 
help reorganize the services as presiden- 
tial military adviser, will continue in 
those positions (AW Nov. 11. p, 25). 

On Mar, 26, President Johnson said 
McNamara is "a brilliant and able 
man." But some associates of the new 
President doubt that the rapport be- 
tween the two will equal the Kenncdy- 
McNamara relationship— partly because 

a more direct hand in military matters. 

Sen. Barrv Goldwater of Arizona, 
Republican front-runner for the presi- 
dential nomination before President 
Kennedy was assassinated and a harsh 
critic of Administration defense poli- 
cies, said it is too early to predict any 
changes. "Knowing this man as I do,” 
Goldwater said of President Johnson, 
"I doubt there would be any changes in 
defense personnel or policy." Sens. 
Henry M. Jackson (D.-Wash.) and 
Stuart Symington (D.-Mo.) said they 
foresee no immediate defense policy 
shifts. 

Civil Aviation 

• Consensus. President Johnson will in- 
ject himself into the supersonic trans- 
port effort to get action, even if it 
means tramping hard on FAA Admin- 
istrator Najeeb E. Halaby’s toes or find- 
ing a hard-drivin ’ successor. The Presi- 
dent’s aviation interest also generally 
embraces the air transport industry 


which expects a more sympathetic atti- 
tude from the White House. 

® Air traffic control modernization. Pres- 
ident Johnson is expected to give this 
slow-moving FAA program a push. 

• International air policy. Specialists in 
this area predict President Johnson will 
pay more attention than his predecessor 
did to the view of the carriers them- 
selves. Several industry leaders felt the 
Kennedy Administration's international 
air policy paper was done without ade- 
quate consultation with the parties most 
directly concerned— airlines and labor. 
"President Johnson won't work that 
way,” said one veteran airline executive 
who knows him. He predicted the new 
President in the civil aviation field will 
concentrate more on getting policies 
implemented rather than thinking tip 

• Personnel. Halaby's future is uncer- 
tain, but Alan S. Boyd is expected to lie 
reappointed as Civil Aeronautics Board 
chairman when his term expires Dec. 51. 

Among the uncertainties is the new 
President's stand on airline mergers. 

Other Aerospace Areas 

• Disarmament. President Johnson 
worked for Senate passage of the nuclear 
test ban treaty and is expected to con- 
tinue President Kennedy's efforts to 
reach as many accommodations as prac- 
tical with Russia. He said while a sena- 
tor in 1957 that "we now face the pros- 
pect of destroying ourselves not as the 
result of an armaments race but merely 
by indulging in the race . . .” On Oct. 
15, he said the test ban treaty showed 
"it is possible to lower world tensions 
without lowering our guard.” 

• Nuclear projects. Leaders on the Joint 
Congressional Atomic Energy Commit- 
tee expect continued White House sup- 
port. But they see little prospect of 
President Johnson stepping in to rescue 
the Pluto and Rover nuclear propulsion 
projects. Civilian defense officials ques- 
tion whether these projects are worth 
the cost. 
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Funeral Influx Tests Dulles 


By Robert H. Cook 

Washington— Sudden influx of world 
leaders attending President Kennedy's 
funeral here last week provided Dulles 
International Airport with its first op- 
portunity to function as a key interna- 
tional gateway to the U. S.— the purpose 
for which it was designed. 

The SI 15-million terminal, which 
went into service a little over a year ago, 
had until last week functioned prima- 
rily as a domestic terminal. But when 
the emergency arose, Dulles' personnel 
and facilities were equal to the task. 

Most of the highest-ranking digni- 
taries and their aides entered the U. S. 
at Dulles, where they were greeted by 
Secretary of State Dean Rusk before- 
departing for their various embassies un- 
der heavy security measures. 

Balance of the prominent mourners, 
including foreign delegations, U.S. leg- 
islators, state officials and other promi- 
nent citizens, arrived by scheduled air- 
lines or Military Air Transport Sen-ice 
flights at Washington National Airport. 
Andrews AFB, in nearby Maryland, han- 
dled the arrival of Prince Bernhard of 
the Netherlands in an Air Force Lock- 
heed JctStar and the Soviet delegation, 
led by Deputy Premier Anastas Mi- 
koyan, in an Ilyushin 11-18. a four- 
engine turboprop aircraft. 

The sudden swelling of air traffic into 
both Dulles and Washington National 
operations had little noticeable effect on 
the airports. With the exception of 
three MATS flights, all delegates arriv- 
ing at National were on scheduled 
flights. Arrivals and departures totaled 
740 on Nov. 24. and increased to 770 
the following day. Andrews estimated 
traffic was up 25%. partially because 
many MATS aircraft flew there after 
discharging their passengers at National. 

In addition. 27 flights carrying top-level 
military and civilian dignitaries— includ- 
ing former Presidents Truman and Eis- 
enhower— also landed at Andrews. 

Dulles experienced no difficulty since 
it has in the past handled 102 aircraft 
movements in one hour. To its cus- 
tomary Sunday schedule, the airport 
added eight special foreign charters, 
plus two more the following day. The 
total included: Air France; Sabena Bel- 
gian World Airlines; El Al, the Israeli 
carrier; Irish Airlines; British Overseas 
Airways; Ethiopian Air Lines; Alitalia, 
the Italian airline; Swissair and Luft- 
hansa. Ordinarily, the airport's interna- 
tional service is supplied only by BOAC 
and Pan American World Airways. 

Less than three hours after State 
Dept, first alerted the airport the initial 
delegation - from Mexico - arrived 
aboard American Airlines Flight 58. 


This was about 4 p.m. Nov. 24. Arrivals 
continued throughout the night and the 
following morning, with the last delega- 
tion— from Pakistan— arriv-ing aboard a 
Swissair charter at 10 a.m. Peak traffic 
loads were experienced on Sunday, Nov. 
24, between 3 and 5 p.m— a period in 
which ordinarily only 14 aircraft move- 
ments would occur. On this day, the 
total reached 30. Scheduled movements 
decreased sharply after 9 p.m. By then 
seven of the total 17 flights with dele- 
gations had arrived at Dulles. 

Balance of the delegations arrived on 
U.S. carriers. Size of the delegations 
varied widely. Some flights were full — 
one Pan American flight carried dele- 
gates representing six countries— while 
the Swissair charter included only one 
passenger and the Alitalia flight three. 

Ground handling of the foreign air- 
liners— primarily long-range Boeing 

707s— was accomplished by present 
Dulles tenants, through interline agree- 
ments. Swissair was handled through 
Delta, Air France through Northwest, 
Lufthansa by American, Alitalia by 
Delta and Ethiopia by Trans World Air- 
lines. El Al and Irish Airlines were han- 
dled by Page Airways International, a 
fixed-base operator. 

State Dept, security precautions and 
protocol measures at the terminal were 
so time-consuming they occasionally 
forced an airborne slowdown of some 
foreign flights. At the same time, these 
measures provided unique employment 
for the mobile lounge— as a moving con- 
ference room for Secretary Rusk, 

Since Secretary Rusk was personally 
greeting each head of state, and flights 
were often scheduled for close arrival, 
controllers were forced to direct several 


Military Fly-By 

Washington— Air Force and Navy air- 
craft combined in a ceremonial flv-by 
over the grave of the late President John 
F. Kennedy during the funeral at Arling- 
ton National Cemetery last week. 

Formation of 30 Republic F-105 
Thunderjets from USAF's 4th Tactical 
Fighter Wing led the group, followed 
by 20 McDonnell F-4B carrier-based 
fighters from the Navy’s Carrier Air 
Group Six based at Oceana, Va. The 
F-4Bs flew in three-aircraft elements with 
the wing man of the last element miss- 

Following the fighters. Air Force One, 
the Boeing VC-137C jet transport used 
by the President, swq>t in low across 
the gravesite and Col. James B. Swindal. 
who had flown the President on many 
trips, dipped the huge transport's wings 
in a farewell salute. 
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Operations 

flights to throttle back or assume hold- 
ing patterns, at State Dept, direction. 

On the ground, the entire top-level 
enplaning road entrance before the ter- 
minal building was reserved for embassy 
vehicles on a flight priority basis. Dulles 
kept State Dept, officials constantly ad- 
vised of arrival time changes, so that as 
each dignitary departed, the greeting 
party for the next flight was moved into 
line from a staging area on the far side 
of the parking lot. 

Customs and public health inspec- 
tions were cut to a minimum, with U. S. 
agents boarding each flight as it arrived 

Ten mobile lounges were kept in al- 
most continuous operation from gate 
positions one, two and three. Their en- 
gines were kept running for a 1 2-hr. pe- 
riod. There were no mechanical prob- 
lems, and the only substitutions oc- 
curred when two spare lounges were put 
into service while the others were being 
cleaned. Most flights required the use 
of only one lounge, but a few— such as 
Irish, Air France and BOAC— required 
two for large delegations. 

President Charles de Gaulle of 
France, a frequent target of assassins, 
gave the lounge operation its greatest 
compliment and State security agents 
their worst concern. The security- 
minded French president and many 
other heads of state originally insisted 
that embassy cars meet them on the 
ramp alongside the aircraft, but while 
en route over the Atlantic the French 
president agreed to use the lounge and 
set an example for the remaining digni- 
taries. State Dept, spokesmen admit 
their greatest concern was at Dulles, 
where a majority of its 200 security 
agents were assigned because of the 
high rank of the delegates arriving there. 
Most of the Dulles police force put in 
a double shift during this period, and 
each foreign aircraft parked on the 
ramp was also under a heavy military 
guard, with no one pennitted near un- 
less cleared by an airport and State 
Dept, security list. 

Exposure of the terminal to so many 
top-level world leaders is almost certain 
to result in more foreign flag carriers 
applying to use Dulles as a major port 
of entry. Dulles officials believe. Air 
France may begin operations at Dulles 
earlv next year. Lufthansa has been ac- 
tively exploring the possibility and many 
others may then follow, they contend. 

Dulles also needs more adequate fa- 
cilities for live television coverage, so 
that the terminal building will not be 
blocked or cluttered with equipment. 
Only a small space was available for 
greeting the delegations, and this was 
strewn with radio and TV cables. 

29 






Camera Records Staging Sequence of Titan 2 


Separation of the USAF-Martin Co. Titan 2 ICBM launched from 
Cape Canaveral Nov. 1 (AW Nov. 18. p. 36) was recorded by a 
16-nmi. camera mounted in a pod on the second stage skirt. Start 
of the sequence (1) shows ignition of Aerojet-General single-barrel, 
second stage engine after 150 sec. of first stage burning. Note 
exhaust vented through four rectangular cut-outs at the base of the 
interstage adapter. Upper flange of the adapter is visible (2) with 
the nozzle skirt of the second stage engine. Second stage engine 
ignition, shutdown of 430,000-11). thrust first stage and firing of 


separation bolts takes less than 3 see. Second stage (3) now is 
clear of the adapter, which disintegrates (4) under the heat loads 

of burning. Wreckage of the adapter falls away (5). Black mark- 
ings on spent first stage are visible as it drops a wav (6). Flame of 
the Titan 2’s hypergolic propellants is so clear (AW Sept. 11, 

a D. B P Millikcn Co. camera operated at 400 frames/scc. at /5/6 
setting with 110-dcg. lens. Photos were taken at 40-mi. altitude. 



Agena Is Retrofitted for Midas 


Lockheed Missiles and Space Co. is 
retrofitting the Agena spacecraft for 
USAF Space Systems Div.'s missile de- 
fense alarm system (Midas) program in 
accordance with new, very-high-reliabil- 
ity specifications. This indicates that in- 
creased emphasis is being placed on the 
Midas infrared-detection satellite for 
pinpointing missile launches. 

The aim of the high-reliabilitv pro- 
gram for Midas apparently is to mini- 
mize chances of random failure, to 
achieve extremely high mean time be- 
tween failure. Observers feel that the 


program may set a pattern for future 
high-reliabilitv requirements, because of 
the thoroughness of the approach and 
its rigidly enforced demands. 

Equipment involved in the Agena 
retrofit program for Midas includes avi- 
onic components and probably some 
mechanical units. Indications are that 
the retrofitted Agena will not be ready 
for use before late 1964. Six flight arti- 
cles probably will be fitted initially with 
the new higher reliability hardware. 
Conservative estimates are that cost of 
the retrofitted Agena will be at least 


50% greater than Agena vehicles used 
routinely for other programs. 

Extensive and stringent lot testing is 
required of component manufacturers, 
which have established lot testing capa- 
bilities in accordance with Lockheed re- 
quirements. These manufacturers are 
established as the only qualified sources 
for particular components. Where no 
manufacturer has established the lot- 
testing capability for a particular com- 
ponent. Lockheed will run the tests it- 
self. 

When the parts are delivered by a 
manufacturer, the package is required 
to be labeled with a notice that it con- 
tains high-reliabilitv parts. 
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Marshall Studies Advanced Large Vehicles 


NASA’s Marshall Space Flight Cen- 
ter has discussed with airframe and pro- 
pulsion manufacturers its projections for 
three advanced large launch vehicles 
which could cost about $20 billion, over 
a 20-vear period, for extended studies, 
development and test. 

During the last 1 5 years of this work, 
average funding would run about SI. 3 
billion per year. Work on the first of 
the vehicles might be initiated with 
funding of $50 million to $100 million 
in Fiscal 1966. 

A key hurdle in MSFC's projections 
for these vehicles might be to convince 
NASA headquarters to support the plan. 

The launch vehicles envisioned by 
MSFC would be recoverable configura- 
tions (AW July S, p. SI) for as many 
as 100 reuses, and would include these 

• Earth-to-orbit rocket plane having a 
liftoff weight of approximately 500 tons 
for its horizontal takeoff mode. Its 
landing would also be in a horizontal 
attitude. Tin's vehicle would cam- a 
total payload of about 25.000 lb.— made 
up of two crewmen, 10 passengers, life 
support and associated systems, and 
about 6,600 lb. of cargo. Availability 
would be targeted for early in the 1970s. 
Studies of configurations' to meet this 
operational category are being per- 
formed by Lockhccd-California Co. and 
North American Aviation's Space and 
Information Systems Div. under con- 
tract with MSFC’s future projects of- 
fice, as an outgrowth of a basic, prior 
effort supported bv the center (AW 
Mar. 26, 1962, p. 20). 

One version of the horizontal takeoff 
and landing configuration contemplates 
use of a rocket sled for launch accelera- 
tion to the velocity at which the rocket 
plane could be airborne safelv and sus- 
tained by its own engine power. Take- 
off might be from a track installation 
at a favorable location, such as Edwards 
AFB. The horizontal landing regime 
probably would have to be compatible 
with existing airports accommodating 
large jet transports. 

The rocket plane configuration would 
be a stacked arrangement of two dis- 
tinct vehicles (see drawing). The lower 
vehicle would be a high-wing configura- 
tion. and the upper vehicle would be 


10-PASSENGER, 6.600-lb.-cargo, recover- 
able orbital plane configuration might be 
dual arrangement, with nested upper and 
lower winged vehicles. Initially accelerated 
by a rocket sled, the lower vehicle would 
boost the upper one, then separate and glide 
back to earth. The upper vehicle would con- 
tinue under its own power to orbit with its 
passengers and cargo. 
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a low-wing design. This would permit 
the wing of the upper vehicle to nest on 
the top surface of the wing of the lower 
vehicle, to minimize disturbing aerody- 
namic interactions. 

After separation from the rocket sled, 
the lower vehicle would function as a 
boost vehicle for the upper vehicle. At 
the end of its boost phase, the lower 
vehicle would separate and glide to 
earth, under control of crewmen, for re- 

The upper vehicle would continue on 
to orbit under its own rocket power. 
Upon return from its space mission, 
the upper vehicle also would glide to a 
horizontal landing under control of 

In all likelihood, the thrust vector 
control system for each plane would 
be augmented by tip-mounted jets 
which would provide effective forces 
because of the moment-arm available. 
• Cargo transport for space station and 
lunar logistics, associated with a Nova- 
type vehicle, would be a second cate- 
gory. Operational readiness is projected 


Los Angeles— Development of the 
Apollo spacecraft for manned lunar 
landing is now npproNimatclv one year 
behind the schedule originally planned, 
according to John W. Paup. vice presi- 
dent of North American Aviation, Inc.'s 
Space & Information Systems Div. and 
manager of its Apollo program. 

"We’re about one year behind what 
we thought we'd be able to do as com- 
pared with what we’re doing," Paup 
said here recently. He said, however, 
that the manned lunar landing can be 
made prior to 1970. the objective set 
by the late President Kennedy. 

The successful Apollo pad abort test 
last month (AW Nos-. 25, p. 52) was 
approximately five months later than 
the originally scheduled date. North 
American was selected by NASA to de- 
sign and build the spacecraft two years 

While Paup declined to elaborate on 
specific problem areas, NASA officials 
in recent weeks have mentioned the 
Apollo fuel cell, navigation and guid- 
ance system, and attitude control sys- 
tem, among others, as areas where 
there are technical problems. 

A North American spokesman, in 
amplifying Paup’s remark about the de- 
velopment delay, said that a program 
as complex as Apollo is bound to have 
constant schedule changes. This 
spokesman said that a major factor in 
the year's delay was NASA’s decision 
to change from a direct ascent con- 
cept of moon landing to the lunar orbit 
technique. 

Paup said that all three Apollo com- 
ponents for which North American is 


for about 1977. Economy of the con- 
figuration is estimated to be many times 
that achievable with NASA's Saturn 5 
design. Nova studies have been per- 
fonned for MSFC by Boeing Co., Doug- 
las Aircraft Co., General Dynamics/ 
Astronautics and Martin Co. 

• Rocket-powered plane serving as a 
space truck with accommodations for 
50 to 100 passengers. This third cate- 
gory would be aimed at a "big brother" 
version of the 10-passenger configura- 
tion. Liftoff weight might be approxim- 
ately 22,000 tons. This configuration 
might be available by 1980, and its 
launch rate might be as high as 16 per 
month. 

Associated rocket engine develop- 
ments seen necessary in the time period 
required for the vehicle developments 
would include at least two throttleable 
liquid oxygen-hvdrogcn types, each 
operating with the relatively high 
chamber pressure of about 5,000 psi. 
One type would develop about 250,000 
lb. thrust, and the other as much as 
1.5 million lb. thrust. 


responsible have been designed and all 
major units for them have been ordered. 
These three elements are the command 
module, the service module and the 
adapter for the Lunar Excursion Mod- 
ule. LEM prime contractor is Grum- 
man Aircraft Engineering Corp. 

Paup said that opportunities for ac- 
celerating the program would become 
more apparent a year or two from now. 
after the first spacecraft is in orbit. On 
the other hand, he noted, it later may 
become necessary to introduce addi- 
tional steps into the program leading 

a "drag-the-ficld” moon flight in order 
to select more confidentlv a landing 
site for LEM. 



News Digest 


Philco and Space Technology Labora- 
tories will continue program definition 
studies of the military communications 
satellite pending a decision on the fu- 
ture of the program (AW Oct. 2S. p. 
25). Defense Dept, said the parallel 
study contract held by General Electric- 
Motorola team is ended. 

West Gennan Defense Ministry ten- 
tatively plans to resume negotiations for 
55 Lockheed TF-HMG two-place super- 
sonic jet trainers, abruptlv abandoned 
after the firm's sales tactics had been 
publiclv berated bv Defense Minister 
Kaiuwe von Hassel (AW Nov. 11. p. 
52). German displeasure was directed 
primarily at Lockheed efforts to sell the 
C-150 turboprop transport to the Ger- 
man armed forces after von Hassel al- 
ready had requested funds to purchase 
the competitive Franco-German C-160 
Transall. 

Next Saturn 1 vehicle test is expected 
to be delayed a week until Dec. 17 fol- 
lowing an explosion and small fire Nov. 
27 in the venting system and burning 
poo! for the hydrogen-fueled second 
stage. The explosion took place about 
500 ft. from the launch pad. 

India launched its first sounding 
rocket— a Nike Apache supplied by 
NASA and assembled by Indian tech- 
nicians— carrying a 65-lb. payload of 
sodium vapor Nov. 21 from the 
Thumba rocket base, near the Indian 
Ocean 15 mi. from Trivandrum. 
Sodium vapor was ejected from second 
stage at 111-mi. altitude. 

Westinghouse Defense and Space 
Center has been reorganized into four 
operating divisions under Buford M. 
Brown, center president. Divisions and 
chiefs, who arc vice presidents, are. 
N. V. Petrou. aerospace; James M. 
Beggs, surface; John H. Clotworthy, 
underseas, and Albert M. Bethel, oper- 


Lockhced Aircraft Co. and North 
American Aviation. Inc., are receiving 
follow-on contracts for the chemical 
low-altitude missile (CLAM) program 
from USAF's Aeronautical Svstcms 
Div. 

John A. Johnson has resigned as gen- 
eral counsel of the National Aeronau- 
tics and Space Administration to join 
the legal staff of the Communications 
Satellite Corp. He is to be succeeded 
at NASA by his deputy. Walter D. 
Sohier. Paul G. Dembling, fonnerly 
director of legislative affairs, will be- 
come deputy general counsel. 


One-Year Apollo Delay Cited 
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TURBOPROP ENGINE FOR LIGHT AIRCRAFT 
AIRESEARCH MODEL 331 



This 600 horsepower turboprop engine Is designed to power the new generation of light, fixed wing aircraft 

for both civil and military applications. • The Garrett-AiResearch TPE-331 has a specific fuel consumption of .62 
pound per shaft horsepower-hour, and a weight to power ratio of .45 pound per horsepower. The engine has a 

response rate from flight idle to full power of approximately 1/3 of a second. A military version has been 
designated the T76 by the U.S. Navy. • Designed specifically as a prime power plant, the model 331 is backed 
by the company's experience in producing over 10,000 gas turbine engines. A unique offset gearbox permits 
flexibility of application while a straight forward induction system minimizes installation costs. Opposite output 

rotation can be made available, and controls are adaptable for a prop governing, beta, or combination system. 
The Model 331 engine is programmed for additional performance growth. The turboshaft version (TSE-331) 
has been flight tested as a power plant in rotary wing and vertical lift vehicles. 

Please direct inquiries to the Phoenix Division. 

AIRESEARCH MANUFACTURING DIVISIONS 






\/ They take Dimazine (udmh) for granted these days. 
That doesn’t surprise us a bit. 

We make it. 


S1FMC CORPORATION 

INORGANIC CHEMICALS DIVISION 


AIR TRANSPORT 


Domestic All- Jet Cargo Race Starting 



with American, whose jet freighters are 
not convertible to passenger use. 

“The windows arc plugged with 
metal,” said David A. Highman, direc- 
tor of freight sales. "To convert them 
to passenger configuration would re- 
quire 2i months of work involving 
S500.000. These airplanes must cam 
their way with freight." 

Although TVVA's five freighters will 
have standard glass windows, the entire 
fleet will not be available for quick con- 
version to passenger use. The airline 
is buying only one kit of detachable hat 
racks, emergency oxygen and interior 
lining equipment. United plans to use 
its DC-SFs strictly for cargo. 

TWA’s first two airplanes, which it 
is leasing from Boeing, have the passen- 
ger conversion features. But these air- 
planes will be returned to Boeing, un- 
less TWA exercises an option to buy 
them, when the five freighters it is buy- 
ing are delivered next year. 

The cargo pallets used by the do- 
mestic operators will all measure 125 x 
S8 in. This compares with the 108 x 
88 in. pallet used by Pan American, 
which leaves an access aisle down 
one side of its aircraft to conform to 
Military Air Transport Service specifica- 
tions. The smaller pallet will also fit 
into Pan American's DC-7F piston 
freighters. TWA and American are 


TWA will inaugurate first scheduled service this 
week; American, United to add cargo jets soon. 


New York— Annual increases of at least 20% in transcontinental cargo vol- 
umes are anticipated for the next several years as a result of the jet cargo sched- 
ules soon to be initiated by three major carriers— the first one this week. 

Trans World Airlines will inaugurate domestic jet cargo service Dec. 3 with 
its Boeing 707-320C. American Airlines, using the same type aircraft, will 
follow later in the month or early in January. United Air Lines will receive 
the first of its three Douglas DC-8F freighters next year. 


American, on the basis of initial or- 
ders, would have been the first to start 
domestic jet cargo service. It placed its 
order in November of last year (AW 
Nov. 29, 1962, p. 43), several months 
ahead of TWA. But TWA then leased 
two aircraft already under construction 
in anticipation, Boeing officials said, of 
orders from other carriers. TWA thus 
received an aircraft ahead of American 
and is able to claim the first transconti- 
nental jet all-cargo sendee. 

No difficulty is expected in attracting 
the required market growth. The 1.3 
billion cargo ton miles carried domes- 
tically in 1962 was a 19.6% increase 
over the 1961 volume, and the sales 
appeal of jet speed and faster ground 
handling should easily maintain, if not 
accelerate, this growth for several years. 

Air freight, the principal factor in air 
cargo, rose 22.5% in 1962, accounting 
for S98.1 million of the total cargo ton 
miles flown. Mail and express comprised 
the remainder. Cargo operators arc also 
receiving added revenues from first class 
mail, which the Post Office Dept, ships 
by air on a space-available basis. Of last 
year's total cargo volume. 88.6 million 
ton miles was attributed to first class 

Cargo officials are confident of their 
ability to attract enough business to 
make money on the cargo jets, and com- 
ing months should indicate whether 
that confidence is justified. Not only 
are they taking a big step with airplanes 
capable of carrying three times the 
load of existing piston freighters, but 
their companies have also expended 
large sums in support equipment for 
the jet operation. 

TWA is spending S3. 3 million on 
cargo terminal buildings alone. New 
structures are being erected at Los An- 
geles, San Francisco and Chicago, and 
existing terminals are being expanded 
at St. Louis, New York, London, Paris, 
Frankfurt, Milan and Rome. Another 
5500,000 is going for ground equip- 
ment, including 10 loaders and 237 


American, in what it terms a multi- 
million dollar program, is also expand- 
ing ground facilities. Its tennin il space 
at Idlewild alone is being doubled from 
20,000 to 40,000 sq. ft., and expansion 
is under way at Los Angeles, Boston, 
Chicago, Detroit and San Francisco. 
Handling equipment at these stations 
will cost in excess of S800.000. 

None of these costs includes the price 
of the jet cargo aircraft. A Boeing or 
Douglas freighter, complete with inte- 
rior roller system and heavy-duty floor, 
costs over S7 million— more than a pas- 
senger jet. American is receiving rout 
such aircraft, and TWA is buying five 
in addition to the two leased Boeings 
with which it is inaugurating service. 

An attitude of detennination is evi- 
dent in the airlines' approach toward 
air cargo. This is particularly evident 
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sacrificing the aisle for larger pallets. 

Differences exist in the features of 
ground handling equipment purchased 
For the various airline cargo terminals. 
All of them, except American, are fol- 
lowing established practice in carting 
cargo out to aircraft from the terminal. 
American's six terminals are designed 
so that the jet can nose into them for 
loading directly from the dock. 

"It is common practice with passen- 
gers today to bring the aircraft right up 
to the terminal for loading," Highman 
said. “It makes sense, in the interest of 
time, to do the same for cargo." 

This is accomplished with a system 
built by the John Bean Div. of the 
FMC dorp, at San Jose, Calif. With it, 
an SO, 000-lb. capacity freighter can be 
unloaded and reloaded in -10 min. bv 
only three men, one running the ma- 
chinery and two positioning the pallets 
within the airplane. 

Cargo for any specific city is consoli- 
dated on a pallet and stored in a bin. 
When it is time to load, one man 
shuttles a mobile lift on tracks leading 
from the aircraft to the bins. The lift 
automatically pulls the pallets from the 
line of bins and slides them into the 
aircraft. 

"With this system, we can receive a 
shipment only 30 min. before departure 
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time and still get it on the airplane,” 
Highman said. 

American has also purchased a fleet 
of radio-equipped trucks for its principal 
cargo cities to speed up ground delivery. 

TWA, like Pan American, carries its 
loaded pallets to the aircraft on cart 
trains. Pallets are lifted aboard one at 
a time on a scissor-type platform of roll- 
ers called the Cochran loader. United 
will use a lift built by DorTcch. Inc.. 
which is mounted on a snub-nosed trac- 
tor and can carry two pallets at once. 

TWA officials say that their Cochran 
system, like American's, can also com- 
plete the load-unload cycle in 40 min. 
However, this is from the time the load 
is beside the airplane. American claims 
a time advantage in eliminating trans- 
port across the parking ramp, and less 
interference during bad weather because 
the airplane is nosed into the terminal. 

Facilities in the aircraft are generally 
the same for all carriers. TWA's floor- 
roller arrangement was supplied by Boe- 
ing, and is almost the same as the Amer- 
ican Machine & Foundry system on 
American's freighters. United, like Pan 
American, will use the Douglas-adapted 
AMF system, which is compatible with 
that carrier’s DC-7F freighters. All of 
these are basically the same, with no 
difference in the time required for posi- 


tioning and locking-down of pallets. 

Schedules for TWA indicate the ra- 
pidity with which a jet freighter can be 
in and out of an on-line station. TWA's 
Flight 380 will depart Los Angeles 
daily, except Sunday, at 11:45 a.m. Ar- 
riving at San Francisco at 12:50 pan., it 
will be on the ground 1 hr. and 10 min. 
before departing for Idlewild, arriving 
there at 10 pan. 

Westbound Flight 581 leaves Idle- 
wild at 2 a.m.. arrives at Chicago's 
OTIarc field at 3:12 a.m.. then departs 
at 4:30 a.m. for a 6:30 a.m. arrival at 
Los Angeles. 

When TWA inaugurates transatlan- 
tic jet cargo sendee on Jan. 3. these 
flights will coincide with Fairopcan de- 
partures and arrivals. That is why 
TWA's eastbound schedule departs Los 
Angeles at midday, so that it can pro- 
vide a quick connection for daily 12:05 
a.m. departures from New York to Eu- 
rope. The 2 a.m. westbound departure 
will allow time for connections with 
daily 12:30 a.m. arrivals from Europe. 

Initially. TWA's international service 
pattern will serve city groups with two 
flights weekly. The groups arc London- 
Frankfurt, Paris-Rome, and Frankfurt- 
Rome on eastbound schedules, and 
Rome - Milan - Frankfurt. Rome-Milan- 
Paris. and Frankfurt-London on west- 

Amcrican has yet to publish its sched- 
ules, but it is likely that its jet freighter 
will be in unscheduled service before 
the formal inauguration date. It will be 
used to facilitate flow of the advance 
build-up of Christmas mail. 

Otherwise, American won't begin 
regular service until it has at least two 
Boeing freighters in hand. American of- 
ficials said they don't want to start their 
cargo operation until everything is co- 
ordinated. and until they’ can provide 
the smooth service that shippers will 
expect of jet schedules. 

The jet freighters will operate at sub- 
stantial cost-pcr-mile reductions over 
piston cargo aircraft, but no cargo offi- 
cials presently are planning to ask the 
Civil Aeronautics Board for rate reduc- 

“When you consider what we have 
invested for air cargo service, vou can 
understand why it isn't the proper time 
to seek lower rates,” commented E. C. 
Taylor, American’s vice president of 
cargo sales and services. 

The airlines will also retain some of 
their existing piston freighters as feeder 
aircraft for the jet cargo terminals. 
TWA has five Lockheed 1649A freight- 
ers and American 14 Douglas DC-7Cs. 

Jet freighters will not bring any de- 
emphasis toward the carriage of cargo 
in the belly holds of passenger flights. 

"The cargo jets are mainly another 
element toward flexibility', which is what 
we need in a cargo operation," one 
spokesman said. 
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Financial Plight Is Major Obstacle 
Confronting New BOAC Chairman 

By Herbert J. Coleman 

London— Sir Giles Guthrie, the merchant banker who will take over as 
chairman and managing director of British Overseas Airways Corp. next 
month, has been given a year to develop a plan for making the airline fi- 
nancially sound. 

Guthrie, who will be paid S32.000 a year plus $2,800 for expenses, will 
retain his seat on the board of British European Airways, the other state- 
owned airline. The chairman-designate of BEA, Anthony H. Milward, will 
take a seat on BOAC's board, and a new BEA chief executive will be 


appointed. 

Minister of Aviation Julian Amcry 

"I have carefully considered whether 
a merger between BOAC and BEA 
would be in the best interests of British 
aviation, but on balance I have decided 
against it.” 

But, Amerv continued, the two air- 
lines should work closer together, and 
the two chainnen should be represented 
on each others boards of directors. 

Amerv denied that Sir Matthew Slat- 
teiy, the outgoing chairman, resigned 
because of government refusal to write 
off BOAC's S240-million deficit (AW 
Nov. 25, p. 37). 

“Our view," Amcry told the House 
of Commons, “is that it would be illogi- 
cal and wrong to ask the House to 
write off S240 million of public money 
until we can recommend a plan which 
we think would put the corporation on 
its feet financially." 

At the same time, Amerv refused to 
publish the report by Accountant John 
Corbett into BOAC’s financial struc- 
ture, commissioned by the Ministry at 
a reputed cost of 5280,000. Amery’s 
decision to keep the report secret 
brought criticism in both houses of 
Parliament. 

Amery’s position, he told Aviation 
Week & Space Technology, is that 
the report is confidential to him, but 
that portions would be made available 
to Guthrie in the preparation of his 
financial plan. 

Amerv refused to discuss whether the 
Corbett report criticized his Ministry 
for interference in BOAC management, 
and Ministry influence in forcing 
BOAC to buy airplanes such as the 
Bristol Britannia, on which major losses 
were incurred, and the Vickers VC. 10. 

Asked about BOAC’s intentions re- 
garding the Sud-BAC Concorde super- 
sonic transport. Amerv said. "I assure 
you BOAC will not be left out in the 
cold on the Concorde program. The 
options have been taken.” 

Amerv stresses the need for stronger 
management at BOAC. He told the 


House of Commons fliat Sir Basil 
Sinallpcicc, managing director for seven 
vears, "after manv vcars of devoted serv- 
ice to BOAC has agreed to retire to 
facilitate the changes," but this remark 
was greeted with loud laughter by the 
opposition Labor Party. 

The White Paper, entitled “The Fi- 
nancial Problems of BOAC." gives 
prominence to the need for strengthen- 
ing the airline management and notes 
at one point that “the government 
thinks it necessary to reaffirm that the 
corporation must operate as a commer- 
cial undertaking.” In a side comment, 
Amerv added that there will be times 
when the Minister will require BOAC 
to take steps contrarv to this, i.e.. like 
BEA's route in the Scottish highlands 
and islands, which BEA operates as a 

S< ' The Whdc Vaper' rev'icwed BOAC’s 
financial and equipment problems, be- 
ginning with the Comet 1 crashes. A 


New BOAC Chairman 

London-Sir Giles Guthrie, a former 
fleet air artn pilot, joined the board of 
British European Airways five years ago 
and had been mentioned in airline cir- 

cessor to Lord Douglas of P Kirtlcside. 

uate friend of Julian Amcry. the minister 
of aviation. Guthrie is 47. wealthy and 
the chairman of Brown Shipley, a firm of 

Guthrie, who is the second baronet, 

his directorships to avoid anv suggestion 
of commercial conflict with his new 
post. Amcry said Guthrie is taking the 
job at a sacrifice of about $14,000 a year. 

The new chairman, who last week be- 
gan a series of meetings with BOAC ex- 
ecutives. said he considers that the huge 
BOAC deficit should be written off. He 

routes is one of the big reasons fur 
BOAC’s present financial situation. 
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factor, the White Paper continued, has 
been that since 1956 a number of colo- 
nies base become independent nations 
and BOAC has thus lost most of its 
valuable cabotage rights. In addition, a 
number of countries have entered the 
long-haul business at a time of decline 
in the rate of traffic growth generally. 

Introductorv costs have been large. 
At no time since 1952 did BOAC bas e 
less than four types of aircraft in service. 
But the White Paper said: "It is more- 
over a considerable advantage to a large 
airline, as BEA’s experience with the 
Viscount has shown, to have an aircraft 
designed to meet its own requirements.” 

Substantial losses with BOAC subsid- 
iary companies have occurred, although 
holdings have been drastically reduced. 
For instance. BOAC shares in Middle 
East Airlines have been sold and Mid- 
East Aircraft Service Co. was termi- 
nated. All but 10% interest in British 
West Indian Airways, was sold, and 
association with Kuwait Airways ended 
last May 31. 

Purpose of acquiring subsidiaries was 
to secure feeder traffic for main trunk 
services and to protect transit and traffic 
rights, and the investment also helped 
to provide a market for British aircraft. 
But, the White Paper said: 

"Even if the policy underlying the 
investment was sound, its implementa- 
tion was unsatisfactory. It is not possi- 
ble to estimate how far the loss incurred 
was offset by gains to the corporation 
but it appears that much of the total 
of S42.8 million must be regarded as a 

BOAC load factors kept dropping in 
1961 and 1962, to 47.6 in the latter 
year, until they fell to a level lower than 
that of the industry as a whole. Causes 
were heavy competition on the North 
Atlantic, introduction of larger jets be- 
tween the U. S. and Europe, making 
flights possible without staging in Lon- 
don, and political changes in Africa. 
"Nevertheless." the White Paper said, 
"the rate at which BOAC continued to 
expand its capacity' and frequency was 
unduly optimistic.” 

In addition to the Corbett Report, 
the Ministry instigated studies into 
sales, advertising and publicity, which 
White Paper said were at the right level 
and well directed, and into the engi- 
neering and maintenance departments, 
which the report said have consistently 

“Substantial savings have been 
achieved in recent years.” the White 
Paper said. "The consultants, however, 
believe that further savings of the order 
of $11.2 million a year could be 
achieved over the next three years or so 
without in any way lowering the high 
technical standard of the work." 

Turning to the future, the White 
Paper posed these questions to BOAC: 
• Will world airlines be successful in 
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stimulating cargo as well as passenger 

• Will the political climate be favorable 
to BOAC's efforts to obtain a greater 
share of the business? 

• What are the long-term possibilities 
of fundamental changes in the pattern 
of world airline operations, such as the 
emergence of the Soviet airline, Aero- 
flot, as a stronger competitor in the 
intercontinental routes? 

• To what extent will subsonic jets con- 
tinue in sendee after the advent of the 
Concorde supersonic transport? 

A particular problem in the next two 
years will be BOAC's incurring the costs 
of introducing the VC. 10 into sendee. 
By 1966-67, however, the BOAC fleet 
should be composed of onlv two types 
of aircraft “and the fruits of the VC. 10 
should begin to appear.” 

The White Paper contains an ob- 
lique warning to other governments, in 
a reference to negotiations for bilateral 
agreements involving BOAC rights. 


Noting that in past negotiations, "Brit- 
ain had much to give and got much in 
return," the BOAC White Paper con- 
tinued: 

“With BOAC exposed increasingly 
to the two-pronged attack of increased 
competition and restrictionism, it is 
right to ask how far Britain can afford 
to continue to grant traffic rights to 
airlines whose countries do not or can- 
not provide comparable benefits for 
British airlines. 

“BOAC has pressed from time to 
time that some of the rights now en- 
joyed by foreign airlines in British ter- 
ritory should be reviewed to bring the 
exchange of traffic rights into better 
balance. Large issues are involved here. 
Some adjustments have already been 
made. Others may be necessary.” 

Crucial factors in BOAC’s future, ac- 
cording to the report, “will be the suc- 
cess of BOAC’s management in correct- 
ing existing weaknesses in organization 
and in forecasting accurately its future 


share of air traffic on the long haul 

In the realm of merger between the 
two corporations, the White Paper said 
certain functions could be combined- 
engineering and catering for example— 
and would give over-all economies. Size 
of a merged corporation would be no 
bigger than certain other major airlines, 
and overlapping sendees could be elim- 
inated while through traffic from North 
America to Europe would be increased, 
according to the report. 

On the debit side, the report pointed 
to differences in fleet structures. Gains 
in through traffic would be more than 
offset by losses of interline sales now 
enjoyed by BEA, and both corporations 
are in markedly different financial cir- 
cumstances. BEA probably will report 
a profit next year. 

Arguments for and against merger are 
"finely balanced,” the report said, but 
neither of the corporations is in favor 
of merger at the present time. 


Lower-Fare Jet Service Challenges IATA 


By Ward Wright 

New York— Aerolineas Peruanas' (APSA) inauguration Dec. 1 of low-fare 
jet sendee— linking Miami and Mexico City with Buenos Aires via Lima— 
promises to pose a new challenge to International Air Transport Assn, air- 
lines in Latin America, one that could have a far-reaching impact on the 
Latin American long-haul fare structure. 

APSA is the first low-fare, non-IATA, piston airline to get jet aircraft in 
Latin America and, as such, is in a position to gauge the effects of combining 
low-fares and jet equipment on competitors who adhere to higher IATA 
economy jet fares. 


With delivery last month of a Gen- 
eral Dynamics/Convair 990A leased 
from Frederick B. Aver, an aircraft 
dealer (AW Nov. 18.' p. 37). APSA 
scheduled jet sendee at fares substan- 
tially lower than IATA economy jet 
rates but higher than piston fares of- 
fered by non-IATA carriers. 

APSA has proposed a jet fare be- 
tween Miami and Buenos Aires of S273 
one-way and $491 round trip— a sav- 
ing of S31 one-way and 587 round trip 
over IATA economy jet fares. Between 
Miami and Lima, APSA charges SI 58 
one-way and S284 round trip — S53 
cheaper one-way and SI 17 less round 
trip than the IATA economv jet rate. 

APSA’s 990A is the first of what was 
to have been a two-aircraft jet equip- 
ment program. Originally. APSA had 
sought approval of a guaranteed loan 
for two Boeing 707 or 720 aircraft 
from the military junta governing Peru 
until Julv 28 (AW Oct. 7, p. 128). 
The junta didn’t act because of the 
nearness of the time when the elected 
government of President Fernando Be- 
launde was scheduled to take office. 

In the meantime, Swissair was ne- 


gotiating with General Dynamics for 
two Convair 990A transports, built to 
its specifications, which had been or- 
dered and canceled by SAS. At one 
point Swissair indicated it was no longer 
interested in the aircraft, clearing the 
way for their sale elsewhere. 

APSA’s management decided to go 
ahead with its jet equipment program 
even though it was considered too early 
to approach the Bclaunde government, 
which had recently taken office, for a 
guaranteed loan. Faced with the dif- 
ficulty of obtaining conventional jet 
financing without a guaranteed loan, 
APSA secured an arrangement through 
Frederick B. Ayer whereby Ayer would 
buy the two 990s for S6.5 million each 
and lease them to APSA for an undis- 
closed sum. Under the seven-year lease 
agreement APSA would have the op- 
tion to buy at any time. 

Plans for APSA's acquisition of the 
two 990s were set to go through by the 
end of October when Swissair reopened 
negotiations for one of the 990s to be 
paid for in cash. 

General Dynamics then held up one 
aircraft pending the outcome of nego- 


tiations with Swissair and sold the other 
990 to Ayer for lease to APSA. The 
status of the Swissair 990 purchase re- 
mains uncertain since it was reviewed 
late last month by Swissair's executive 
committee and must be reviewed on 
Dec. IS by the airline’s board of direc- 
tors. Observers feel, however, that even 
if Swissair does not take the other 990, 
General Dynamics will want to observe 
the success of APSA's low-fare jet serv- 
ice before selling another 990 that could 
be leased to APSA immediately. 

Included in the S6.5-million sales 
price for the aircraft is provision for: 

• 5100,000 to be used for flight crew, 
ground crew or stewardess training in 
any combination APSA desires. 

• $100,000 to cover any modifications 
such as the alteration from Swissair’s 
98-scat dual configuration to 119 seat 
onc-class seating and installation of a 
flight recorder. 

• 5250,000 for other vendor items in- 
cluding ground equipment. 

• SI .2-million budget for spares to be 
used as needed. 

• S4.85 million for the aircraft. 

Under the terms of the lease, APSA 

pays a flat rate plus interest for the 
package. 

APSA’s flight crews have been fa- 
miliarizing themselves with the 990 in 
flight tests at Miami with General Dv- 
nainics crews. General Dynamics crews 
are manning the 990 on scheduled 
passenger runs until jet operations are 
stopped between Dec. 25 and Jan. 1, 
to review the first three weeks’ jet ex- 
perience. Extra DC-6B schedules will 
be provided during this period. When 
jet operations resume after Jan. 1, 
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APSA will begin integrating regular 
crews with the General Dynamics crews. 

APSA’s jet service began Sunday with 
a non-stop Miami-Lima flight arriving 
early Monday and continuing non-stop 
to Buenos Aires. Its return flight will 
stop at Santiago, Lima and Guayaquil, 
with the aircraft arriving in Mexico 
City Monday night. 

The aircraft will turn around in Mex- 
ico City and will retrace the same route 
south to arrive in Buenos Aires Tues- 
day. The 990 then turns around and 
flies non-stop to Lima and non-stop 
from Lima to Miami where it repeats 
the pattern begun Sunday. The sched- 
ule will give APSA an aircraft utilization 
of about 14 hr. a dav. APSA also will 
continue reduced DC-6B service. 

Fare Basis 

C. N. Shelton, a director of APSA 
and fonncrly the airline's majority 
stockholder, says APSA’s jet fares arc 
based on 6 cents a direct mile between 
points on the routes. This is about the 
same base used for IATA economy jet 

dilated on longer mileage via interme- 
diate points no longer served. IATA 
also recognizes different fare levels. For 
instance, fares south of Lima are some- 
what lower on a mileage basis than for 
northern points. 

What bothers IATA members is that 
the Latin American jet economy fare 
structure is already one of the lowest 
in the world. And, at the existing level, 
many airlines operating in Latin Amer- 
ica are subsidized or break-even opera- 
tions, leaving them little or no leeway 
to meet APSA’s fares. The solution 
may be in a demonstration that lower 
fares can generate new traffic. 

“We don't know exactly what the 
breakeven passenger load factor will be 
at this time, but we believe it will be 
below 50%. " Shelton said. Possible 
roadblocks to APSA's fare levels could 
come from countries such as Mexico, 


Chile and Argentina, who want to pro- 
tect their own airlines. Shelton added 
however, that he didn’t think these ob- 
jections would seriously affect APSA’s 
fare structure. 

Although APSA’s management origi- 
nally felt that the airline’s growth in 
the low-fare market with piston equip- 
ment justified an attempt to obtain 

perfecting its one-jet operation. 

If its low fare service is successful, 

lie in the market for another 990 some- 
time in 1965. By that time it is pos- 
sible that Swissair may have a surplus 
990-a sales possibility that APSA will 

To get the maximum use out of its 
990. APSA is exploring a “wet lease" 
agreement with Sabcna for the use of 
its Boeing 707 after it completes its 
twice weekly Brusscls-Montrcal-Mexico 
City run. The aircraft sits in Mexico 
City for 12-14 hr. before returning to 
Europe. If leased, APSA would place 
this aircraft on the Mexico City-Lima 
route during the period it normally is 
on the ground. Such a lease, however, 
is still in the talking stage. 

APSA also is exploring a possible 
pooling agreement with Aeronaves de 
Mexico. Just what fare levels such a 
pooling arrangement might entail-in 
light of Aeronaves’ IATA membership 
—is still difficult to predict. 

Shelton said APSA is considering 
keeping General Electric engines in 
Buenos Aires, Lima and Mexico City in 
o parts pool with Varig and Swissair— 
who also own 99Gs-to reduce costs and 
out-of-service time in case of mechanical 
difficulties. 

Shelton said he believes the Peruvian 
government will soon request bilateral 
"talks with the U. S. over extending 
APSA’s routes from Mexico City to Los 
Angeles. Preliminary discussions to re- 
vise the bilateral agreement will prob- 
ably take place early next year, to be 


followed by a Civil Aeronautics Board 
application, Shelton said. Los Angeles is 
APSA s leading sales point— running 
about 1 5% ahead of any other of 
APSA's U.S. sales districts. Beyond 
that application, APSA has indicated it 
will look into the possibility of extend- 
ing its Miami service to Montreal— 
probably after it gets another jet. 

APSA. which is neither subsidized nor 
government-owned, has based its jet 
acquisition program on stcadilv increas- 
ing passenger traffic and earnings 
achieved with one owned and two leased 
DC-6Bs at fares that are lower than 
IATA's. 

Excursion Fares 

Some IATA carriers can match or 
slightlv undersell APSA and other non- 
IATA's carriers through 120-day excur- 
sion fares pennitting them to operate 
comparable piston equipment to meet 
competition. But the present traffic pic- 
ture in Latin America is plain. Low 
fares, regardless of equipment or flying 
times, have been able to attract Latin 

"growth traffic" that might have been 
expected to go to the jet carriers offer- 
ing IATA economy fares. 

At the same time, traffic of carriers 
adhering to the IATA fare structure has 
been relatively static or has declined, as 
in the case of U. S. carriers as a group 
(AW Oct. 7. p. 12S). Since the intro- 
duction of jets helped bring to an end 
the cut-rate fare wars of the 1950s, jet 
carriers have had to economize and live 
with expense account and business traf- 
fic. while the low-fare piston airlines 
have been free to skim off the growth 
traffic. 

With DC-6Bs. APSA's share of all 
traffic in and out of Lima increased from 
11.6% in 1959 to 14% in 1962. Net 
income, which totaled about $125,000 
last year, reached S2 34.000 on revenues 
of S4.42 million for the first eight 
months of this year. 


AVIATION WEEK & SPACE TECHNOLOGY, 




Indian Airlines Faces Equipment Shortage 


By James R. Aslilock 

New Delhi— Indian Airlines Corp. needs additional aircraft-not to provide 
better service to attract business, but merely to satisfy existing demands 
for space. 

The nationalized domestic carrier is flying more than 127,000 hr. annually 
with its 67 aircraft, yet a non-priority traveler may have to reserve a space 
a month or more in advance on key routes. Approximately one million 
passengers are carried annually, and the volume is expected to rise 15-20% 
vear with the introduction of jet aircraft. 


Three Sud Caravcllcs due to enter 
service in January may temporarily re- 
lieve the pressure on Indian Airlines’ 
fleet of Vickers Viscounts, Douglas 
DC-4 and DC-3 and Fairchild F-27 
aircraft. But officials of the carriers 
believe the demand will rise propor- 
tionally with Caravelle’s large produc- 
tivity, and the insufficient capacity sit- 

The Caravcllcs will fly two round 
trips daily between Bombay and New 
Delhi and one daily between New Delhi 
and Madras, New Delhi and Calcutta, 
and Bombay and Calcutta. Service will 
be expanded further with the planned 
purchase of a fourth Caravclle. 

707 Lease 

Indian Airlines is leasing a Boeing 
707 from Air-lndia International for 
nightly operations between Bombav and 
New Delhi until the Caravcllcs are in 

Practically all of Indian Airlines’ traf- 
fic is government or business personnel. 
India is working toward industrial ex- 
pansion, causing a continuous circula- 
tion of businessmen between cities. The 
pleasure travelers who do use the aircraft 
are usually foreign tourists, to whom the 
airline gives special consideration in the 
interest of attracting outside money into 

However, the problems of providing 
seats on short notice are of such concern 
to Indian Airlines officials that they 
constantly promote long-term reserva- 
tions. A new central reservations facility 
at New Delhi can generally confirm 
space 30 days in advance, but longer 
notice is preferred. 

“We have set up our reservations 
system so that we can take a booking 
two years in advance if someone really 

India docs not enjoy the tourist vol- 
ume of such places as Hong Kong, 
Tokyo or Europe. In 1962 the govern- 
ment recorded 1,034.000 foreign tour- 
ists, a slight drop from 1961 which was 
blamed on the border clash with China. 
Lack of capacity on Indian Airlines is 
frequently cited as lessening the coun- 
try’s appeal to international travelers. 

“Few tourists care to spend 24 hr. on 


a train between Bombay and New Delhi 
when the Viscounts can fly it in 3 hr., 
and the Caravcllcs will make it in an 
hour and 40 min.,” one official said. 

But the aircraft are nearly always full, 
and are booked to capacity weeks in 
advance. Thus, internal transportation 
problems complicate the two other 
prime tourist detcrrents-lack of hotel 
space and India’s conservative policies 
toward alcoholic beverage. 

“We need 600 more hotel rooms in 
Bombay and 1,000 more in New Delhi 
right now," one airline official said. 
"And how many tourists want to go 
through the process of obtaining a per- 
mit before they can get a drink?" 

The hotels are usually filled with 
business and government personnel. But 
eilorts to remedy the room shortage are 
progressing, with a new hotel already 
scheduled for construction on Nariman 
Point in Bombay. A liquor permit is 
readily provided at most government of- 
fices. But bars arc few and fat between 
in Indian cities, a situation that would 
be corrected only if the government 
eased its prohibition restrictions. 

“A reduction in alcoholic consump- 
tion was one of the goals set up bv the 

power," one spokesman said. “And it 
is practically the only goal that has been 


Delta Income 

Washington— Delta Air Lines last 
week reported a net income for October 
of SI. 196,000. equal to 47 cents per 
share. Net income for the first four 
months of the company's fiscal year that 
began July 1 was $4,549,000, or S1.78 
l* 1 share. 

Operating revenues for the month of 
October were S17.8 million, compared 
with $16.4 million in the same month 
last vear. Operating expenses were $15 
million in October. 1963, against $14.4 
million in the same month last year. 

Load factor for the carrier in October 
was 59.57%, and for the first four 
months, 60.97%. Revenue passenger 
miles in October totaled 258 million and 
passed the billion mark during the first 
four months. 


attained, so we can’t expect them to 
abolish it.” 

India’s minister of finance is appar- 
ently expressing a stronger interest in 
tourism as a revenue source, and moves 
to increase traveler appeal are expected. 
The nation is rich in historical lore, and 
it lies on the route between the tourist 
centers of Europe and the Orient. 

But within Indian Airlines itself, tak- 
ing care of current demand from the 
citizenry is of more immediate concern 
than tourist promotion. The need is for 
more aircraft, not more passengers. 

The airline is a wholly nationalized 
enterprise, and its equipment procure- 
ment is tied directly to national restric- 
tions on foreign exchange expenditures. 
To compensate for the imbalance be- 
tween imports and exports, India care- 
fully regulates the money it obtains 
from foreign sales. Rupees are kept in 
the country' through a ban on all outside 
travel by Indians other than for business 
or government purposes, and the few 
pleasure travelers who can prove that 
their hosts are picking up the bill. 

Monetary Exchange 

Indian Airlines, as a result, cannot 
buy aircraft abroad unless a favorable 
deal is obtained on the monetary ex- 
change. The Caravcllcs, for instance, 
were chosen because France agreed to 
give India a $60-million long-temi loan. 
This move overrode the opinion of 
one of the carrier’s influential directors, 
J. R. D. Tata, who felt that the Boeing 
727 was the preferred airplane. 

“We bought our F-27s from Fokker 
because a large part of the payment was 
accepted in jute, mica and other export 
commodities," an airline official said. 

The Caravelle selection was preceded 
by a Russian bid to sell Indian Airlines 
the Ilyushin 11-18. The Caravelle selec- 
tion was preceded by a Russian bid to 
sell Indian Airlines the 11-18. But the 
overhaul life of the 11-18’s engines was 
only 300 hr. Nor was the carrier im- 
pressed by Russian offers to use special 
parts and workmanship that would raise 
tire duration to 500 hr., since the Rolls- 
Rovcc Darts on Indian Airlines’ Vis- 
counts were already operating 3,000 hr. 
between overhauls. 

Another plus factor for the Caravelle 
was that its Rolls-Royce Avons can be 
rcadilv overhauled at Air-India’s mainte- 
nance base at Bombay (AW Nov. IS, 
p. 41). 

Acquisition of the Caravelles will help 
Indian Airlines reduce its 42-plane fleet 
of DC-3s as Viscounts are placed on 
regional routes. The carrier has been 
hampered by an inconvenient mixture 
of aircraft since 1953, when Indian Air- 
lines was formed by consolidating eight 
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financially defunct airlines with 99 air- 
craft of nine different types. Only within 
the last two years did it get rid of 12 
Vikings and seven Herons, leaving the 
carrier now with four types of equip- 

Thc airline began with, as one official 
termed it, “a staggering accumulation of 
losses and lack of working capital." For 
six years after 1953 the losses continued 
as Indian Airlines maintained service 
to 71 points. However, slight profits 
have been attained since 1959, the 
largest surplus being $439,110 earned 
in Fiscal 1963. 

Airport quality ranges from the rela- 
tively modern fields at Bombay, New 
Dellii and Calcutta to remote dirt strips 
such as at Leh, a Himalayan outpost. 
The DC-3s reach Leh’s 1 2,000-f t.-high 
field through mountain passes while tnc 
passengers suck on oxygen tubes. 

Such mountain flying experience paid 
off last year when Indian Airlines’ total 
fleet was conscripted during the Chi- 
nese invasion. The airline’s pilots, fly- 
ing aircraft still bearing civil markings, 
shuttled troops and supplies to the 
mountainous battle area. All scheduled 
sendee was halted during the crisos. 

Another unresolved problem is the 
limitation on night operations. Many 
of the airports served do not have ade- 
quate instrument facilities, making the 
carrier principally a daytime operator. 
The foreign exchange situation also 
hampers India's acquisition of naviga- 
tion and airport aids. 

The primary night activity is mail 
shipment, involving a special schedule 
in which four aircraft from Bombay, 
New Delhi. Calcutta and Madras con- 
verge near midnight at Nagpur, India’s 
most central city. At Nagpur, mail for 
these four points is exchanged and ar- 
rives at its destination before dawn. 


The night air mail is barely a break- 
even proposition. Passengers on these 
flights pay 10% less than day fares, 
and the mail rate of 38 cents per ton 
kilometer hardly compares with the 
international average of SI. 26. But the 
service gives India one of the fastest 
mail dehverv svstems in the world, and 
letters often arc delivered before tele- 


Indian Airlines also pays unusually 
high sales and excise taxes levied by the 
state and central governments on avia- 
tion fuel. Of the SI 1.760,000 spent for 
fuel last year, S5.3S6.000 was for taxes, 
and the tax rate will rise again next 
year. Consequently, about 32% of the 
airline's total revenues of $36,337,720 
went for fuel. The carrier’s interna- 
tional relative. Air-lndia. escapes this 
burden by purchasing much of its fuel 


Some airline observers in India also 
feel that Indian Airlines’ 10.314-mem- 



ber employe force is too large. It has 
grown by 3.000 since the airline was 
formed 10 years ago. However, no per- 
sonnel reductions were allowed follow- 
ing the consolidation, partly because the 
strong All-India National Trade Union 
Congress is an affiliate of the existing 
political majority, the Indian National 
Congress. 

Thus mandatory abundance of man- 
power has delayed efforts toward mech- 
anization for such purposes as baggage 
and cargo handling. Ground equipment 
isn't seriously missed, however, since 
many stations receive only one flight a 
day, and India’s low wage scale makes 
it more economical to use manpower. 

Because of its related operational and 
cost problems. Indian Airlines’ break- 
even load factor is 75.3% . This almost 
matches the annual load factor, which is 

demand on short-haul routes far from 
the main cities. Trunk route load fac- 

Likc Air-lndia. the domestic carrier 
has a large engineering force. Those 
familiar, with the carrier say its strongest 
points arc maintenance and operations, 
as a result of its having adequate per- 

At Calcutta, the piston engine and 
equipment overhaul base, 2,000 engi- 
neering personnel are employed. An- 
other 1.000 are at New Delhi, where 
turbine maintenance is performed. 
Bombav, which has 900 engineering em- 
ployes. 'will be the Caravelle base. The 
I’-27's Dart engines, now up to 3.000 
hr. between overhaul, are maintained 
at New Delhi, while the airframes arc 
overhauled at Calcutta. The Darts on 


the Viscounts have a 3.500-hr. time- 
bctwcen-overhaul (TBO). DC-3s are 
overhauled at Hyderabad. 

The 12 Viscounts fly a combined 
total of 2,655 hr. a vear at an operating 
cost of about S378 an hour. The 10 
F-27s. Using a total of 2,200 hr. an- 
nually, cost just under S200 an hour to 
operate. 

Last vear, Indian Airlines overhauled 
159 of the Pratt & Whitncv R-1830 
engines on the DC-3s, 26 P&W R- 
2000s on the DC-4s. 33 of the Vis- 
counts' Dart-5 10s and eight of the 
F-27s' Dart-511 engines. The F-27s en- 
tered service in mid-1962. 

Cockpit Crews 

Cockpit crews, most of them former 

pilots and 120 flight engineers. Most 
crew training is performed in flight, al- 
though a British Rcdifon simulator is 
used for procedures practice bv Vis- 
count crews. The airline has 177 host- 
esses and stewards. 

Indian Airlines is an International 
Air Transport Assn, member, and de- 
pends mainly on interline business for 
its foreign exchange reserves. It is gen- 
eral sales agent throughout India for 
Air-lndia. British Overseas Airways 
Corp., Iranian Airways, Iraqi Airways, 
Kuwait Airways and Trans-Canada Air 
Lines. It cams approximately $5 million 
annually from interline sales, the money 
being deposited in London through the 
IATA clearing house. 

The carrier also provides contract 
assistance to Iraqi Airways and Nigerian 
Airways, supplying personnel for flying, 
engineering and accounting tasks. 
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Vertical assault at 200 mph 


Sikorsky’s new CH-53A transport helicopter will be big, 
fast, and tough. It will provide the U.S. Marine Corps 
with its first all-weather, all-climate helicopter for ver- 
tical assault missions. 

The powerful CH-53A will speed 30 troops or 8,000 
pounds of cargo 115 miles at 170 mph — and return with- 
out refueling. On short missions it will transport 64 men 
or 16,000 pounds. It will carry a Pershing missile, 155 
mm howitzer, or three-quarter ton truck. It will operate 


from any terrain and offers a watertight hull for emer- 
gency flotation. Under light-load conditions, top speed 
will exceed 200 mph. 

An advanced rear-loading cargo system will permit 
one man to load a ton a minute. Prerigged external cargo 
can be picked up in flight without a ground crew. 

The CH-53A is based on the proven technology of 
Sikorsky’s twin-turbine S-64 Skycrane. First flight is 
scheduled for 1964. 
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Sikorsky Aircraft ... 


SHORTLINES 


► Aeroflot, Soviet-owned airline, has 
started proving flights on the new route 
between Moscow and Karachi (AW 
Nov. 25, p. 42). As of late last week, 
the exact course scheduled flights will 
follow had not been determined. 

► American Airlines has proposed a re- 
duction of 5 to 15% in first-class fares 
for medium- and long-distance trips, de- 
pending on the length of the trip. 
Long-haul fares will be given the greater 
reduction. American also proposes a 
25% family fare discount to be applied 
on both first-class and coach tariffs, to 
be effective from Monday noon to 6 
a.m. Friday. 


AIRLINE OBSERVER 

► U.S. scheduled airlines will install radar beacon transponders on all air- 
craft by 1966 to bring total investment in airborne radar equipment to S25 
million. All jet aircraft, as well as a large number of turboprop and four- 
engine piston aircraft, have been equipped with transponders. New trans- 
ponders will include side lobe suppression circuitry. Adapter units to permit 
automatic reporting to controllers will be installed later in coordination with 
Federal Aviation Agency installation of necessary' ground equipment. 

► U.S. domestic trunklines have reported a $31,620,000 net profit for the 
first nine months of 1963, close to the estimated profit of S32 million pre- 
dicted earlier by Aviation Week & Space Technology (Nov. 11, p. 34). In 
the same period last year, the industry reported a $6.3-million loss. Revenues 
for the 1963 three-quarters period were $1.8 billion, compared with $1.6 
billion in the 1962 period. Operating expenses this year were $1.7 billion, 
compared with $1.6 billion for the same 1962 period. 


► British West Indian Airways has 
ordered three Boeing 727 turbofan 
transports. Aircraft will be delivered in 
1965 and will cost about S19 million 
including spares, parts and training ex- 
pense. They will be operated on the 
carrier's Miami-Tri..,dad route. 

► Civil Aeronautics Board Examiner 
Merritt Ruhlen has approved a pro- 
posed interchange agreement between 
l’an American World Airways and Delta 
Air Lines. Under the initial decision, 
through plane service would be operated 
between Delta's southern routes and 
Europe through the interchange of air- 
craft at Washington. Baltimore, Phila- 
delphia or New York, 

► Eastern Air Lines has petitioned CAB 
for authority to increase its Air-Shuttle 
fares betw'een New York. Washington 
and Boston by SI. Increased costs 
stemming from additional monthly de- 
preciation costs and from higher costs 
under a new contract with pilots are 
cited as reasons for the increase. 

► Seaboard World Airlines will take de- 
livery' on one Douglas DC-SF turbofan 
all-cargo aircraft in June, 1964. Cur- 
rently, the carrier operates seven Canad- 
air CL-44 turboprop cargo transports. 

► Slick Airways reported that commer- 
cial airfreight revenues for October were 
120% greater than during September. 


► Canadian political squabble over which aircraft Trans-Canada Air Lines 
should purchase for medium-haul requirements (AW Nov. 25, p. 39) was 
resolved last week when Prime Minister Lester Pearson announced that 
the government-owned airline would order six Douglas DC-9 transports at 
a cost of about $24 million. Ordinarily, announcements of this nature are 
made by an official of the airline or the Canadian government's Transporta- 
tion Dept. Eventually, the airline will require about 30 of this tvpc of jet 
transport, but chances are slight that new orders will be placed for the BAC 
1 1 1 or the Sud Caravclle to appease factions that want these aircraft so that 
Canadair can share in their production in Montreal, where the unemploy- 
ment level is high. 

► British Aircraft Corp. is pressing a weight reduction program on the Anglo- 
French Concorde supersonic transport. One move has been to remove the 
present galley in the aircraft mockup and substitute a more compact one. 
Company also is attempting to persuade purchasing airlines to accept three 
lavatories instead of four. Another project is aimed at fitting trays of pack- 
aged food into the backs of seats before flight to reduce further required 

► United Air Lines/Sud Caravelle transports are being equipped with nosc- 
wlicel tires that have rubber water deflectors molded into the tire walls. 
Deflectors prevent water and slush from being kicked up into the engines. 

► Australia has resumed negotiations with the U.S. for Tahiti-Los Angeles 
rights for Qantas Empire Airways. Renewed bid for the service was prompted 
bv the recent Civil Aeronautics Board award of the route to Pan American 
World Airways (AW Nov. 18, p. 38). Earlier, Australia had quietly dropped 
its argument that Tahiti was included as an intermediate point on Qantas' 
transpacific route in the U. S.-Australia bilateral agreement. 

► Federal Aviation Agency has established a Procurement Information Office 
at its Washington headquarters. The office, to open Dec. 9. will furnish con- 
tractors information on what FAA is currently buying through advertised 
bids, and on items already purchased, including bidders' prices, discounts 
and delivery terms. 


► Trans Caribbean Airways has reported 
a 28% increase in the volume of 
revenue passenger miles flown in Octo- 
ber compared with the same month last 
year. Number of passengers carried in- 
creased 51% during the comparative 
periods, and air cargo ton miles rose 

► United Air Lines has placed a S20.000 
order for Ultipor ultra-fine filters for 
the hydraulic systems on its Boeing 
720s. New filters eliminate the need 
for hydraulic system flushing. 


► American Airlines last week presented the National Museum of Transport 
of St. Louis with a Douglas DC-7 transport, exactly 10 years after the aircraft 
was introduced on its New York-Los Angeles route in nonstop, scheduled 
service. A total of 338 of the DC-7s were delivered to the airlines by Doug- 
las Aircraft Co. and about 175 arc still in scheduled service. 

► Western Air Lines has been authorized by CAB to introduce Thriftair 
shuttle service between Los Angeles and Las Vegas beginning Dec. 1. Service 
will be inaugurated with five round-trip flights daily. One-way fare will be 
SI 1.43. At the same time, the CAB suspended a petition by Bonanza Air 
Lines for authority to introduce similar fares at off-peak hours. Board rea- 
soned that load factors necessary to break even do not appear to be attainable. 
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MACH 3 TEST BODY of forward fuselage made of titanium is heat tested in environmental chamber at North American Aviation. 

Titanium’s Future— Part 1 : 

Titanium Producers Seeking Major Role In 



TITANIUM UNDERSIDE OF McDONNELL F-4B/F4C aft fuselage (above, left) uses Ti-8Mn for frame and shin and Ti-6A1-4V for 
longeron. Section is adjacent to the exhaust area and. despite heat shields, reaches operating temperatures of 700F. Blades, discs and 
spacers of Pratt & Whitney J-75 compressor section (above, right) are fabricated of Ti-6A1-4V titanium alloy. Almost every turbojet 
engine that has taken to the air has used some titanium, cither in original or retrofit equipment. 
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AERONAUTICAL ENGINEERING 



COMPRESSION LOADING INDICES (above) show the relative advantage of titanium over alternative aerospace materials for long cylinders 
(left) and for stiffened panels (right). Chart designations: N = loading per in.; D = diameter; g = number of cuts plus flanges; P = load; 


Development of SST As Market Increases 


By Michael L. Yaftcc 

Titanium is riding a rising curve of 
acceptance in aerospace applications 
and is ready to reach for the biggest 
prize— the U.S. supersonic transport. 

Titanium producers want a part-a 
big part— in the proposed supersonic 
transport program. Manufacturers arc 
preparing proposals and making presen- 
tations to potential SST contractors. 
New titanium alloys are being devel- 
oped and evaluated for the SST pro- 
gram, New titanium strip, sheet and 
plate fabrication facilities, vital to an 
SST program, arc becoming available. 

In a Mach 2.5-3 supersonic transport, 
engineers and metallurgists estimate 
that titanium could be the material for 
60-90% of the airframe. For an individ- 
ual airplane— based on what seems like a 
fairly realistic figure of 75%-this could 
mean as much as 80.000 lb. of titanium 
per airframe. To titanium producers, a 
going SST program could mean an in- 
crease of 33 % in the projected market 
figures by 1970. 

The question titanium producers are 
asking themselves is not whether a Mach 
3 transport will use titanium but, rather, 
whether the U. S. supersonic transport 
will be designed to cruise at Mach 2 or 
Mach 3. If the vehicle is designed to fly 
faster than Mach 2.2, they-along with 



TENSILE STRENGTH/WEIGHT COMPARISON of current aerospace sheet materials shows 
advantages of Ti-8Al-lMo-lV alloy at temperatures of up to 700F. One disadvantage of 
titanium has been lack of adequate performance data for aerospace purposes. 
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Beech "Imaginuity” in missile systems 



Now, what’s beyond Mach 7? 

Beech "Imaginuity” in missile target systems is finding out 


How fast will tomorrow’s missile target systems need 
to be? The answer: just as fast as the speediest enemy 
hardware — jets or missiles — that Free World gunners 
may have to shoot at. What will it take to provide these 
advanced missile systems ... to turn “impossible” 
requirements into solid reality by the time they are 
needed? 

Beech “Imaginuity” is already at work, seeking — and 
finding— -the answers. The Beech AQM-37A (KD2B-1) , 
now in line production for the U. S. Navy, is capable 
today of speeds above Mach 3 and can be flown at alti- 


tudes of 90,000 feet. It gives today’s most advanced 
weapon systems a realistic challenge to their capabilities. 

But, just as important, Beech has already designed a 
family of missile target systems for a wide variety of 
defense training missions, ranging from Mach .52 to 
Mach 7 — and is now reaching out beyond that. 

This kind of probing into the future, plus Beech 
'‘Imaginuity” in design, development, fabrication and 
testing has given Beech a head start on development 
of the advanced missile systems that will be needed for, 
tomorrow’s training and air defense requirements. 


Other Beech Capabilities In Systems Management Include: 



u ^ lD 


Facilities . 



Propulsion . . . 




Manufacturing . . . 



Space Simulation . . . 



Complex Vibration . . . 



Management . . . 


How may we help you? To discover how 
the unique facilities and expert personnel of Beech 
can be quickly and efficiently put to work on your 
project, write, wire, or phone Contract Administrator, 


Aerospace Division, Beech Aircraft Corporation, 
Wichita , Kansas. Beech stands ready and eager to 
accept complete systems management responsibility 
for your project right now. 





many aircraft structures engineers— are 
convinced that the SST will make ex- 
tensive use of titanium. 

Once aircraft cruise speeds pass 
Mach 2.2, aluminum is reduced to a 
limited number of applications. Between 
Mach 2.2 and Mach 3, equilibrium tem- 
peratures over most of the airframe 
range from approximately 450F to 
650F. In this temperature range, the 
only materials that can provide the re- 
quired long time strength properties are 
titanium alloys, the high strength steels 
and the super alloys. 

Specifically, the National Aeronautics 
and Space Administration's special com- 
mittee on materials research for super- 
sonic transports reported (AW Nov. 19. 
1962, p. 65) that the most promising 
materials for the airframe of a super- 
sonic transport designed for a cruise 


speed of Mach 3 and an operational life 
of 30,000 hr. appear to be: AM 350, 
AM 355, PH 1 5-7Mo and PH 14-8Mo 
steels: Ti-8Al-lMo-lV and Ti-6A1-4V 
titanium alloys; and Rene 41, Waspalov 
and Inconel 718 super alloys. The com- 
mittee cautioned, however, that these 
were interim conclusions requiring more 
research before final material selections 
can be made. 

But if the NASA committee seems 
somewhat cautious at this point, many 
engineers and scientists are not. 

"If Mach 3 is the right number,” one 
structures engineer declared, "then ti- 
tanium is the right material for 85- 
90% [by weight] of the SST airframe.” 

“A Mach 3 supersonic transport has 
got to be titanium," a metallurgist 
said, “it's the best material available 
for the job. But the problem is that it 


has become a political football, and 
people are afraid to use it where they 
should for fear of not getting the con- 

"Tliere should have been a lot more 
titanium specified in the RS-70 and 
TFX airframes,” another engineer said. 
"But the amount of titanium being used 
in the RS-70 is already more than they 
first figured on. It will be the same 
thing in the TFX when they find their 
steel airframe is getting too heavy to 
flv.” 

Weight is the nub of the many argu- 
ments favoring the use of titanium over 
steels and superalloys in a Mach 3 air- 
frame. For the approximately 20% of 
airframe where titanium can’t do the 
job because of heat and other factors, 
everyone is agreed that steels or super 
alloys will be needed. 

“It is also expected that some alu- 
minum will be used where high opera- 
tional temperatures are not a limiting 
factor.” 

Titanium and its alloys now are be- 
ing used or considered for applications 
where operational temperatures range 
from — 320F to 1.400F. Some thought 
is being given to using alloys at — 423F, 
while 1.400F is considered the upper 
limit of titanium structural applications 
and then for only very short times as 
might be suitable for certain missiles. 

Many engineers however, believe 
1.000F is a more realistic figure for 
short time applications and that 800F 
would be the upper limit for long time 
structural applications such as those that 
might be required in the airframe of a 
supersonic transport. 

It is conceivable that new titanium 
alloys will be developed for short term 
service at 1 ,200-1 ,400F and adequate 
for extended use at 1.000F, but they add 
that these figures will probably prove to 
be the final upper limits for titanium 
structural use. 

At 750F and beyond, creep is cur- 
rently expected to be one of the princi- 
pal, potentially limiting factors to long 
time service of titanium structures and 
components. Presently, however, there 
is no solid indication of how important 
creep deformation will be in the wings 
and fuselage of a Mach 3 transport. Nor 
is there creep data on the probable 
structural materials-steels, super alloys 
and titanium allovs-at the steady state 
creep rates and temperatures of interest 
in Mach 3 application. 

NASA has awarded General Dvnam- 
ics/Convair a contract to develop a ma- 
chine to measure very low, steady state 
creep over long periods of time. The 
machine is expected to be ready early 
next year. USAF has awarded another 
contract to General Dynamics/Ft. 
Worth for tests on Ti-8A 1-1 Mo-1 V, 
Ti-6A1-4V. AM 350, PH 15-7 Mo and 
Rend 41 to be carried out in conven- 
tional creep test machines simulating as 



AEROSPACE APPLICATIONS CONTINUE to dominate titanium market. Currently, they 
are taking approximately 93% of the total titanium output (above, left). After being 
slowed in 1957 by government problems with the budget and by a cut back in production 
of manned aircraft, consumption of titanium is again on the increase and pushing toward 
possible record highs (above, right). Inclusion on a large scale of titanium in the proposed 
U. S. supersonic transport program would sharply increase production totals. 
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What is it that can travel over water, land, mud and ice 
and may make the wheel obsolete? 


It's been called a“GEM”(forGround 
Effect Machine). It's been called a 
"Hovercraft." It's been called an 
"Air Cushion Vehicle." And it's a 
little hard to say whether it flies low 
or rides high. 

But Republic Aviation has just con- 
cluded a licensing agreement to de- 
velop, produce and sell these revo- 
lutionary machines that travel on a 
cushion of air over any kind of sur- 
face, wet or dry. 

Gas turbine engines 
provide air cushion 
One of the most publicized GEM’s 
already built has done commuter 
service on a test basis, carrying 24 
passengers across Dee Estuary on 
Britain's North Wales coast, over 
sandbars and shoals where no boat 
could operate. Called the VA-3, it's 
a 4-engine 12-ton version that can 
handle about 2 tons of cargo. It 


hovers 12 inches over the surface 
on a cushion of air provided by two 
of its gas turbine engines, while the 
other two provide propulsion. 

A variety of high-speed 
go-anywhere craft for industry 
and the military 

Similar but more advanced versions 
of the GEM are expected to operate 
easily at speeds over 150 mph. 
Republic's prototype model will be 
equipped to ride three feet off the 
surface to clear waves or obstacles, 
and further development will pro- 
duce models that can clear six to 
eight-foot obstacles. Considerthen, 
what the GEM'S capabilities might 
be . . . 

□ As a military landing craft, thun- 
dering in from over the horizon 
and right up onto the beach to 
park and unload— 

□ As an offshore oil-rig tender, car- 


rying drillpipe, supplies and per- 
sonnel over tidewater marshes, 
mud flats fnd open sea with equal 
ease— and without any dock— 

□ As an airport or harbor vehicle 
for police and rescue work- 

IH As a high-speed arctic explora- 
tion craft, unhampered by snow 
or thin ice— 

□ As a general-purpose carrier for 
underdeveloped countries where 
good roads are few and far too 
costly. 

How big a future 

As yet, nobody is enti rely su re what 
the GEM'S total potential for the 
future really is. Finding out is a big 
part of Republic's job. Considering 
that it took man some millions of 
years to discover the wheel— and 
another 7,000 to learn how to do 
without it— that could be a pretty 
sizeable order. 



Republic will develop and produce air-cushion vehicles in this hemisphere under a licensing agreement with Vickers and BerCbuE 
Hovercraft Development Ltd. of Great Britain. Republic Aviation Corporation, Farmingdale, Long island. New York. 



TRANSPORT LINK 
ACROSS THE WORLD 


Jet freighters speed across the skies unloading their cargoes at major world airports. □ The Argosy provides the vital link between 
international routes and regional networks. With Its ability to accommodate the 108 inch pallet utilized by the major airlines the Argosy 
is the ideal feeder aircraft □ This versatile aircraft offers: Truck-bed height freight floor. Simultaneous double-end loading and 
unloading. Straight-through unobstructed fuselage. Prop-jet speed and economy. Full pressurization. Long fatigue-free life. Hawker 
Siddeley worldwide after-sales service. HAWKER SIDDELEY AVIATION 
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MODICON* is a lean, efficient, mobile tactical air control 
system operationally and technically compatible with TAC/ 
STRICOM requirements. Major research and development 
work, two years of field testing and evaluation by the mili- 
tary. production tooling and planning, and other significant 
non-recurring functions have been completed — and paid 
for. It is automated, globally-maneuverable. capable of 
controlling mixed weapons, readily operable and maintain- 
able by military personnel, and compactly packaged into 
helicopter-transportable huts. One complete system can 
be air lifted by three C-130A cargo transports. Most 
significantly, it is a production system available at low pro- 
duction prices on a short production schedule. No other 
existing system offers less risk, longer use life, and greater 
combat readiness. 'Modular Dispersed CONtrol 
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COMPOSITE PRICE of titanium mill prod- 

prodiK’lion. probably will eventually level off 
at twice that of steel products. 

closely as possible SST operating condi- 

There is also a paucity of information 
on the effects SST operating tempera- 
tures will have on the fatigue character- 
istics of the candidate structural mate- 
rials. For example. Secretary of Defense 
Robert S. McNamara, commenting on 
the Boeing Co.’s proposed use of tita- 
nium in the wing carry-through struc- 
ture of the TFX, said: 

“Tlie fourth evaluation report ob- 
served that data concerning the fatigue 
design properties of titanium, in the 
thickness Boeing proposed to use in the 
wing carry-through structure, is very 
limited, and that this raises the queslion 
of the advisability of using such thick- 
ness. The report further commented 
that the effect of temperature on struc- 
tural details, especially in the aluminum- 
to-titanium spiice, can be expected to 
be quite pronounced in producing metal 
fatigue, and the report concluded the 
Boeing fatigue test program showed lack 
of realism.” (AW Mar. 25. p. 81). 

NASA’s Langley Research Center 
both in house and with various contrac- 
tors, now has several fatigue tests under 
way or recently completed on the can- 
didate structural materials: 

• Tension fatigue tests of notched and 
unnotched specimens at 70F after ex- 
posure to 550F for various times up to 
three years. 

• Tension fatigue tests at — 11 OF, 70F 
and 650F. 

• Determination of crack extension 

• Measurement of breaking strength in 
specimens after various amounts of fa- 
tigue crack extension. 

Under contract to NASA, the Chance 
Vought Div. of Ling-Temco-Vought is 
carrying out fatigue tests on specimens 
containing representative welds and me- 
chanical joints. Battellc Memorial In- 
stitute, also under a NASA contract, is 
evaluating Ti-8Al-lMo-lV and AM 
550 skin materials at 550F and under a 
steady lg stress level. 

AVIATION WEEK & SPACE TECHNOLOGY, 


While many of these tests arc admit- 
tedly still at an early and inconclusive 
stage, metallurgists and structures engi- 
neers generally do not expect creep or 
fatigue to be limiting factors for the 
steels, titanium and super allovs unde; 
consideration for wing and fuselage 
structures in a Mach 5 transport where 
operating temperatures are not expected 
to exceed 650F. In jet engines or in 
certain parts of a Mach 4 airframe, when 
temperatures start pushing to 800F and 
more, fatigue and creep characteristics 
will be more critical and limiting, ac- 
cording to one designer. 

If these conjectures prove correct and 
titanium alloys and the other candidate 
materials arc not temperature limited 
up to 800F. then the next important 
consideration for SST designers in- 
volved in selecting suitable airframe ma- 
terials is an evaluation of strength and 
density characteristics. 

This is where titanium shows at its 
best. On the average, titanium is 42% 
lighter than the steels and super alloys 
at the same strength. Said Gene F. 
Erbin of Titanium Metals Corp. of 
America: "In compression loaded struc- 
tures, material efficiency is not a linear 
function, but more frequently a squared 
or cubed function of the density." 

Titanium alloys with yield strengths 
of approximately 175.000 psi. can’t 
match the newer steels with yield 
strengths approaching 500,000 psi. on 
a pure strength basis. Except for cer- 
tain specialized applications, however, 
there is little interest in these absolute 
numbers. Most of the interest today 
centers on strength-to-density ratios, and 
the magic number is 1,000,000 in. 
On this basis, titanium with a density of 
0.165 Ib./cu. in. and a yield strength of 
167.000 psi. can out perform steels with 
a yield strength of 225,000 psi. and a 
density of 0.2771b./cu. in. 

Titanium’s comparative weight ad- 
vantage. of course, is not an isolated 
factor. Loading conditions are ail im- 
portant part of the picture and will 
strongly influence design criteria and 
material selection for a specific aerospace 
vehicle. In the case of manned aircraft, 
tension and compression considerations 
will govern the design of most of the ex- 
pending upon particular flight profile. 

Design of 50-60% of the airframe of 
the proposed Mach 2.5 or 5 transport, 
for example, will be governed by ten- 
sion considerations and probably 50% 
bv compression. In one SST design 
which calls for a 91% airframe. 51% 
will be governed by tension loads and 
40% by compression. Design of the 
rest of the airframe probably will be 
governed by special considerations such 
as acoustics. 

From strictly an efficiency point of 
view, titanium appears superior in both 
compression and tension design to other 
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DATA PROCESSING SYSTEMS FOR SPACE 

Advanced STL digital telemetry units, decoders, and command 
distribution assemblies are now being used on NASA's OGO and 
Pioneer, and the Air Force’s Nuclear Test Detection spacecraft. STL 
hardware and experience with on-board data processing equipment 
is being applied in the development of new systems which will per- 
form checkout and maintenance functions in space. This advanced 
technology requires circuit designers, logic designers, and digital 
systems engineers. For Southern California or Cape Canaveral oppor- 
tunities, write Professional Placement, One Space Park, Dept. A-12, 
Redondo Beach, California, or P.O. Box 4277, Patrick AFB, Florida. 
STL is an equal opportunity employer. 
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materials over the temperature range 
anticipated for SST operations (see 
charts, p. 49). 

One of the arguments against pro- 
posed applications of titanium in aero- 
space structures is the lack of adequate 
performance data on which to judge its 
reliability. 

To the extent that it relates to the 
performance of an aircraft under Mach 
3 operating conditions, this is a valid 
argument. It is also a valid argument 
against the use of the steels and super- 
alloys under consideration for the SST. 
since these have not been used cither 
in aerospace applications corresponding 
to those anticipated for a Mach 3 SST. 
Use Increasing 

On the other hand, titanium struc- 
tures and components have been flying 
in aircraft and missiles since 1950. The 
conditions and environment admittedly 
have been different— in most cases, 
significantly so— from those anticipated 
for a Mach 3 SST. Nevertheless, the 
titanium companies claim it is worth 
noting that the amount of titanium be- 
ing used in these aerospace applications 
has been steadily increasing and that, 
with the exception of the hydrogen em- 
brittlement problem experienced in 
1954 and 1955, no service-reliability 
problems with titanium have been re- 
ported by the aerospace industry. 

Of all the arguments offered against 


titanium, the ones dealing with the ma- 
terial's relatively high cost have un- 
doubtedly been the most effective. 

There is no question that titanium is 
more expensive than steel. The price 
of titanium mill products has been 
dropping steadily since 1954 (see chart, 
p. 57) and will probably continue to 
drop slightly as consumption increases. 
But it is considered extremely unlikclv 
that titanium will ever be able to match 
steel on a price basis. 

This is granted by titanium producers. 
But they maintain titanium isn't look- 
ing for "charity. It is paying and will 
have to continue paving its way wherever 
it is used. Comparisons based on prod- 
uct price or raw material costs, they 
claim, are not Tcally meaningful to the 
aerospace industry. More to the point, 
they say, is the comparison between 
titanium costs and the savings made 
possible through use of lighter weight 
titanium components and structures. 

The military may be willing to ac- 
cept higher weights, provided the air- 
craft can get oft the ground and per- 
form its mission. The military also 
must, in addition, consider the prob- 
lem of sonic boom damage caused 
among other things by overpressures 
which buildup with increasing aircraft 

Commercial transport operators, on 
the other hand, cannot afford to carry 
any unnecessary, nonproductive weight. 


It is difficult to assign any specific 
values to projected weight savings be- 
cause these will depend upon the par- 
ticular aircraft. But the figures gener- 
ally quoted range from S30 to $60/lb. 
of weight saved and figures as high as 
SI 00/lb. have frequency been cited. 
Against this must be balanced the addi- 
tional cost of using titanium and the 
figures cited here range from $10 to 
$50/lb. 

In one specific case, offered by the 
American Society for Metals Commit- 
tee on Titanium, the cost of a particu- 
lar air-to-air missile structure for a de- 
sign temperature of 800F was estimated 
at 10% more if made of Ti-6A1-4V 
titanium alloy instead of 17-7PI1 steel. 
But the titanium structure would be 
20% lighter than its steel counterpart. 
Saving a pound of weight the commit- 
tee said, would thus require spending 
half the cost of manufacturing a pound 
of 17-7PH missile frame. "This might 
amount to $25, as an average figure, 
which would generally be an attractive 
price for weight saving," it noted. 
Titanium Savings 

In the case of the DC-S, Douglas Air- 
craft Co. estimates that the use of tita- 
nium led to a savings of almost 1,000 
lb. in the airframe. On the basis of mail 
rates, this amounts to S525 for each 
coast-to-coast flight or $2,625,000 for 
the 5,000 flights each DC-8 would make 
based on an assumed seven year write- 
off period. 

Another parameter that will be used 
in evaluating candidate SST material is 
corrosion resistance. The SST will en- 
counter a salt air environment in oper- 
ations from airport rumvavs located 
close to the ocean and during the win- 
ter when salt is used to remove ice from 

The Federal Aviation Agency is inter- 
ested in resistance both to general cor- 
rosion and to stress corrosion. 

Seek More Data 

Titanium is superior to the steels and 
super alloys in general corrosion resist- 
ance. Stress corrosion resistance is an- 
other matter and depends on the spe- 

pcraturc. At elevated temperatures in 
the presence of salt, all the potential 
SST alloys are expected to prove suscep- 
tible to stress corrosion. Precisely how 
susceptible they are is not known at this 
time, and FAA is now trying to get 
more data on this subject. 

One interesting comment on this sub- 
ject came from Pratt & Whitney Air- 
craft which reported that its titanium 
alloy jet engine compressor blades, in 
operation since 1954, showed no evi- 
dence of stress corrosion cracking. 
P&W also reported that high velocity, 
high temperature air passing over the 
surface greatly reduces the susceptibility 
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of titanium alloys to salt stress corro- 

Anotlier factor that may enter the 
picture here is the use of protective 
coatings. NASA has awarded Southern 
Research Institute a contract to survey 
and test promising coating processes. 
Primary interest in coatings for the SST 
is to protect certain otherwise suitable 
non-stainless steels that would rust in 
operation, and to prevent discoloration 
on the fuselage and wings of an SST 
made with stainless steels and titanium 

More Studies Needed 

Fracture toughness is another ques- 
tion. In its initial screening program, 
the NASA supersonic transport materi- 
als committee carried out notch tests 
on small specimens to get information 
on the relative toughness of candidate 
materials. Then it decided that more 
notch-toughness studies were needed on 
larger and more complex specimens. 
Douglas Aircraft Co. was given a con- 
tract to perform fracture-toughness tests 
on 8-in. wide specimens with center fa- 
tigue cracks at temperatures ranging 
from — 110F to 1.400F. Variables 
studied in this test include crack length, 
strain rate, thickness and exposure time 
at 650F. 

As things now stand, titanium alloys 
appear to offer superior crack tolerance 
or fracture toughness at room tempera- 


ture conditions. At elevated tempera- 
tures, fracture toughness of titanium al- 
loys is yet to be determined over pro- 
longed periods but is expected to re- 
main acceptable for SST applications. 
In all probability, the cold worked super 
alloys will show the best crack tolera- 
tion at elevated temperatures. 

Of all the arguments advanced 
against titanium, availability is perhaps 
the least troublesome, according to 
Ward W. Minklcr of Titanium Metals. 
Ti-6A1-4V, one of the two leading ti- 
tanium alloys of interest to the SST pro- 
gram, is readily available in the quantity 
that would be required. The newer, 
creep resistant 8AI-IM0-IV, developed 
specifically to have high strength at ele- 
vated temperatures (its short time 
strength and toughness are vers’ good 
over the SST operating regime from 
— 80F to 650F), is not yet available on 
the same quantity basis as the older al- 
loy but is expected to be bv the time 
the supersonic transport program gets 
under way. 

While titanium producers say avail- 
ability of titanium alloys in the forms 
required for fabrication of a supersonic 
transport is also assured, a lot of aero- 
space engineers indicate they are not 
willing to accept this assurance until 
they see the required product forms. 
Titanium, they point out. has lost more 
than one job because it couldn’t pro- 
duce the required strip sizes or offer the 


desired honeycomb shapes when 
needed. 

Today, titanium is still limited in re- 
gard to the availability of strip (coiled 
sheet) sizes. The aerospace industry is 
asking for titanium strip in widths up 
to 36 in. and 48 in. and in thicknesses 
down to 0.008 in. and 0.010 in. with 
surface condition, thickness tolerances, 
flatness and camber of the coil stock 
considerably improved over present 

Currently, three titanium companies 
arc producing 36-in.-wide strip and one. 
Titanium Metals, is now readying a mill 
that will be capable of fabricating 48-in.- 
wide strip with improved tolerances, 
flatness and camber. This new mill is 
expected to be in operation in 1964. 
Processing Difficulty 

Weight-saving honeycomb construc- 
tion is still a problem for titanium fab- 
ricators. One of the problems in mak- 
ing titanium honeycomb stems from 
the inability to roll high strength alloys 
down to foil thicknesses. Another comes 
from the lack of suitable alloys which 
will retain high strength characteristics 
at elevated temperatures in the thin foil 
gages demanded. 

Processing difficulty (and accompany- 
ing high costs) offers another obstacle 
to titanium foil production. Titanium 
is more limited than aluminum or steel 
in the amount of reduction that can be 
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If a number is added to its reversal and the process repeated with 

same backward and forward. For a certain two-digit number this 
process must be repeated more than ten times to arrive at a 
palindromic number. What is this number? -Contributed 

No matter how you look at it, it's a good habit to check through 
our Airtron division's data sheets before going the custom design 
route. If you need microwave components and materials, send 
for the data sheets on ferrite devices, mechanical components, 
waveguide and hardware, and solid state materials and devices. 
Why not look before you start designing. Might be a saving. 
Write: Airtron. 200 East Hanover Avenue, Morris Plains. N.J. 
answer to last week's problem: The tray is 8" x 6". Recti- 
linearly packed it holds 48 spheres. With the centers placed 60“ 
to each other a ninth column can be obtained. With 5 spheres in 
the first column and 6 spheres in the second one and then alternat- 
ing, the tray holds 49. With 6 spheres in the first column and 5 
in the second, etc., the tray holds SO. 

□ LITTON INDUSTRIES 
Beverly Hills, California 
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"This book 
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read as 
long as our 
civilization 
continues." 


This High Man 
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accomplished in each pass through the 
rolling mill and accordingly requires 
more frequent heating between passes. 

A number of lightweight titanium 
constructions have been developed as 
possible alternatives to honeycomb 
sandwiches. One of these is an all tita- 
nium, roll bonded sandwich structure, 
developed by Battclle metallurgists, that 
could prov e valuable in aerospace appli- 
cations. Where it is difficult or impos- 
sible to form other titanium sandwiches, 
says Battelle, the roll bonded sandwich 
can be twisted or bent into complicated 
shapes. It is expected to be an economic 
process. 

Metallurgical Bond 

In the Battelle operation, two tita- 
nium plates are separated by a number 
of titanium ribs all running in the same 
direction. The voids between the ribs 
arc filled with steel. Hot rolling pro- 
duces a metallurgical bond between the 
titanium ribs and cover sheets and at 
the same time rolls out the assembly 
to more than twice its original area. 
The sandwich is then formed into the 
desired shape, and afterwards the steel 
filler between the ribs is leached out. 

The disadvantage of the design is 
that all the ribs have to run parallel in 
order to provide continuous paths for 
the leaching of the steel and, accord- 
ingly, rolling is unidirectional following 
the layout of the ribs. This means that 
the structure is not as strong as a cross- 
ribbed structure would be. Nonetheless 
it is regarded as a significant advance in 
titanium structures, particularly for 
those aerospace applications whose load- 
ing is expected to be unidirectional. 
Greater Springback 

Manufacturers have complained for 
many years about the difficulty, or im- 
possibility, of forming titanium alloys. 
Actually, according to the titanium com- 
panies, titanium alloys are no more diffi- 
cult to form than "the high strength 
steels and super alloys. 

One of the problems in the past was 
that fabricators were trying to work tita- 
nium on equipment originally designed 
for steel. Another problem is that all 
materials-the newer steels and super al- 
lows as well as titanium— designed to 
have strength at elevated temperatures 
are inherently more difficult to work. 

In the case of titanium, the combina- 
tion of low modulus of elasticity and 
high yield strength leads to greater 
springback from forming compared to 
aluminum and steel. The increased 
springback is more difficult to compen- 
sate for in tool design, says the Ameri- 
can Society of Metals Committee on 
Titanium, because variability of spring- 
back at a high strength level is more 
likely to result in an out-of-contour part 
than variability at a low strength level. 
For titanium work, dies have to be care- 


fully designed, according to a NASA 
metallurgist. Titanium cannot be 
thrown into a conventional aluminum 
or steel forming operation. 

But now fabricators have gained ex- 
perience with titanium. They have de- 
signed or modified equipment to han- 
dle it. To compensate for its high yield 
strength, they are using greater loads 
and higher temperatures in forming op- 
erations. As a result, says TMCA’s 
Minklcr, titanium alloys are being 
formed and forged as easily as any other 
comparable high strength metal. At the 
same time, new titanium alloys are now 
under development that are expected to 
prove even easier to roll and form than 
in the past. 

Titanium alloys still require more and 
closer process control than steel and 
other metals, says an Air Force metal- 
lurgist, and the titanium processing 
equipment is more limited than that 
available for steel. The largest ingot 
that can be turned out in a titanium 
furnace, for example, is only five tons. 
Nor does the titanium industry have the 
large heat treating furnaces that the 
steel industry has. This would be more 
of a hindrance to missile manufacturers 
than to SST contractors. 

Optimistic Outlook 

Comparative lack of forming facili- 
ties is not expected to prove a limiting 
factor in the selection of titanium for 
future Air Force programs as now pro- 
jected, according to Air Force metallur- 
gists. 

Moreover, the Air Force metallurgists 
are generally optimistic about titanium's 
future and believe the metal will make 
more progress this time in aerospace ap- 
plications than it has in the past. There 
is more experience now in working with 
titanium, thev point out. It has advan- 
tages as an engineering material that 
would virtually force its acceptance in 
aerospace applications— if there were no 
cost factor involved. 

At one time, welding difficulties were 
another problem titanium fabricators 
had to face. Among other things, they 
had to use complex and costly purge 
chambers to guard against contamina- 
tion and embrittlement by interstitial 
elements such as oxygen, nitrogen, hy- 
drogen and carbon. Today, care still has 
to be exercised in the welding of tita- 
nium, but welding is no longer con- 
sidered much of a problem. 

Comparatively simple equipment is 
used to provide inert gas protection of 
the weld. And titanium spot welding 
techniques are the same as used for 
stainless steel. 


(This is the first of two articles on the 
applications 0/ titanium in the aerospace 
industry. The second article will appear in 



Problem: 

How to reliably 
activate a relay 
200 miles out 
in space 



One 

solution: 
This 
miniature 
piston 
actuator 



Basic reliability is assured because all 
Atlas actuators operate on a simple 
principle of nature. There are no elec- 
tronic circuits or mechanical parts to 
fail. And they meet MIL specs for resist- 
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We bet he grew up to be an engineer 
in one of the 18 aerospace centers we serve 


Chances are the boy above has grown up in your industry. 

But he might have become one of the many United Air Lines 

pilots who fly you to the aerospace centers where you 

do business: we serve more of these than any other airline. 

Besides this service to aerospace centers, 

we offer you the convenience of more jets to more cities 

all across the U.S. than any other airline, 

along with a genuine concern for customers as people. 

For these and many other reasons, more people 
choose United than any other airline in the world. 
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PRODUCTION BRIEFING 


Wolverine Diesel Power Co., Detroit, 
Mich., will manufacture small gas tur- 
bines for Air Force M-32 A-60 aircraft 
ground-support vehicles under a Sl.l- 
million contract from Garrctt-AiRe- 
search, Phoenix, Ariz. 


Martin Co.’s Denver Div. lias awarded 
Gulton Industries. Inc., Metuchen, 
N. J. contracts totaling more than 
S685.000 for amplifiers and transducers 
for Air Force's Titan 3 launch vehicle. 
The transduccrs-high-impedancc accel- 
erometers— and audio frequency ampli- 
fiers will be used to condition signals 
from Gulton-supplicd piezo electric 
accelerometers and microphones. The 
signals are then fed to the Titan 3 
telemetry system to collect data on mis- 

Fifty-five Dassault Mirage 3 super- 
sonic interceptors have been delivered 
to the Israeli Air Force on an order 
totaling 72 aircraft. The size of the 
order was disclosed recently in a pub- 
lished breakdown of Dassault's produc- 
tion. The aircraft carry the designation 
Mirage 3CJ and are armed with French 
Matra air-to-air missiles. 

Rolls-Royce Conway R.co 42 Mk. 
540 bypass engine for Vickers VC.10 
four-jet transport was certified last week 
by British Air Registration Board at 
20,370 lb. thrust for takeoff. A version 
of the Conway 42, the Conway 43, 
rated at 21,825 lb. takeoff thrust, is un- 
der development for the Super VC. 10 
transport. 

Olin Mathicson Chemical Corp. will 
produce monomethyl hydrazine (MMH) 
for National Aeronautics and Space Ad- 
ministration under a 5500,000 contract 
awarded through the Air Force. MMH 
is a one-component fuel with a — 62.3F 
freezing point which can also be used 
as a replacement for the 50-50 mixture 
of anhydrous hydrazine and UDMH 
(unsymmetrical dimethyl hydrazine). 
Fuel will be produced in Lake Charles, 
La. 


Sperry Rand Corp.’s Univac Div., 
St. Paul, Minn., will deliver 11 Model 
1218 computer systems to NASA for 
use in the Gemini and Agena programs 
under terms of a S2-million fixed price 
contract currently under final negotia- 
tion. The computers will be delivered 
to manned space flight tracking network 
stations for operation by July, 1964. 
The system will summarize space-to- 
ground telemetry and prepare data for 
final processing in more elaborate com- 



ENGINEERS/SCIENTISTS 


WORK ON PROBLEMS 
LIKE THIS... 




...IN THIS PROFESSIONAL ATMOSPHERE 

The Douglas Advance Missile Technology Department is 
a professional community charged with the responsibility 
of evolving new concepts which contribute to the technical 
superiority of the nation. 

It combines research and advance design functions in a 
self-administered unit having the atmosphere of a small, 
highly qualified engineering organization. But it also has 
the advantage of having at hand the vast support functions 
and facilities of a major aerospace company. Its studies are 
tempered by the scientific critique of its research groups 
and the realism required by the knowledge that eventually 
“hardware” end products are involved. 



WITH ASSOCIATES 
LIKE THESE... 


Mr. E. R Williams (left) is Chief of the Aeromechanics 
Branch, Advance Missile Technology. He directs efforts in 
the Flight Mechanics, Aerothermodynamics, Aerodynamics 
and Nuclear Effects Sections. Mr. Williams was among the 
Douglas engineers who went with the Rand Corporation 
when it became independent of Douglas in 1948. He 
became head of Aerodynamics at Rand and specialized in 
hypersonic aerodynamics and glide rocket research 
and engineering. 


Mr. J. L. de Grandpre (right) is Douglas Study Director 
for the USAF Foreign Technology Division, Analysis and 
Synthesis of Military Space Systems. Previously he was 
Director of the Advanced Computer Program Develop- 
ment Section within Advance Missile Technology. Earlier, 
he was engaged in systems analysis and flight simulation 
work in Canada. 


qualified professionals with experience and/or advanced 
degrees, particularly in the disciplines of aerodynamics, 
communications, guidance and control, flight mechanics, 
fuzing and arming, and operations analysis. We invite you 
to look into them by writing (please include resume) to 
the following address: 



MISSILE S SPACE SYSTEMS DIVISION 


2700 Ocean Park Boulevard, Santa Monica, California 
An equal opportunity employer 


AN INVITATION. Key openings are now available for 


pnter centers in Goddard Space Might 
Center, Greenbelt. Md.. and Manned 
Spacecraft Center, Houston, Tex. 


Space-Defense Div. of American Op- 
tical Co. has been awarded a S 1.8- 
million Air Force contract for delivery 
of seven mobile cinetheodolitc systems 
to Air Force Missile Test Center at 
Patrick AFB, Fla. The contract will 
be carried out by the J. W. Fecker Op- 
eration in Pittsburgh. Pa. The cine- 
theodolites are electronic and optical 
telescopic tracking equipment for meas- 
uring and observing the flight path of 
both guided missiles and high-speed 
aircraft. 


Consolidated Systems Corp., Mon- 
rovia. Calif., wall design and develop a 
radarscope recording camera for the 
General Dynamics F-111 (TFX) fighter 
under a 5400,000 contract from General 
Electric's Light Military Electronics 
Dept. The camera will photograph the 
image on the radarscope directly 
through a window in the back of the 
indicator's cathode ray tube. In addi- 
tion to the image, the camera will in- 
dicate and record time signals on each 
frame. 


MSA Research Corp., a subsidiary of 
Mine Safety Appliances Co., has com- 
pleted a one-year design, construction 
and start-up program on a plant at 
Callcty, Pa- to produce high-purity po- 
tassium. cesium and rubidium metals. 
The facility is designed for quantity 
production of these metals with puri- 
ties of 99.99%. 


Air Force Flight Test Center, Ed- 
wards AFB, Calif- will expand its com- 
puter laboratory’ with the addition of 
an Electronic Assocs. Inc- HYDAC 
2400 computer system. The Air Force 
contract with the companv is in excess 
of 5600,000. 


Doughboy Industries' Televiso Elec- 
tronics Div- Wheeling, 111- will pro- 
duce 1,000 aircraft receiver-transmitters 
for the Navy and Coast Guard under a 
51 -million contract. 


Fairchild Stratos Corp., Hagerstown, 
Md- will sponsor research in subsonic 
aeronautics at Princeton University. 
Princeton's Dept, of Aeronautics Engi- 
neering will investigate and test new 
flight concepts, including non-rotary 
wing vertical and short takeoff and 
landing (V/STOL) aircraft. Fairchild 
Stratos will support studies related to 
new flight concepts, including wind 
tunnel and prototype tests when they 
are needed. 


FIRST EXPLOSION PROOF 
VENTILATING 
PORTABLE HEATER 



NEW AAF ENVIRONICS ACHIEVEMENT Now in production for 
the Air Force and available in quantity for purging jet fuel tanks, 
supplying heated air in situations of extreme fire and explosion danger. 
Designed for use in Class I Group D atmospheres, Class I Division I 
hazardous locations. Triple over-riding controls limit temperature of 
all heated parts. Unit is grounded against static electrical buildup, and 
exposed surfaces are coated to prevent ferrous sparks. Ventilating air 
blower is fabricated from non-sparking materials throughout. Designed 
to meet Mil-E-4970 Environmental and Mil-H-27507 Performance 
specifications. 

The new H40 is rated at 100,000 btu/hr at -20° F, with a ventilating 
air output of 600 cfm at 12 in. wc, 1150 cfm free flow. Discharge air 
temperature can be manually selected from 0° F to 200° F. Heater 
operates entirely on 220/440 vac, 3-phase, 60-cycle electric power. 



AVIATION WEEK & SPACE TECHNOLOGY, Dece 


sr 2, 1963 




PROGRESS REPORT ON 
HYBRID ROCKET MOTOR 
DEVELOPMENT AT UTC 


■ Hybrid rocket motors, which commonly use high-energy solid fuel 
and liquid oxidizers, offer the potential of very high performance 
coupled with simplified on-off capability and modulated thrust. Hybrid 
motors could be important for a variety of tasks ranging from large 
segmented booster engines — alone or in clusters — to tiny attitude 
control units for space vehicles and propulsion back-packs for 
spacemen. 

■ Hybrid motors offer certain specific advantages: they have higher l S p 
(specific impulse) than either solid propellant motors or current 
storable liquid rocket engines; only one oxidizer flow valve is involved, 
therefore hybrids can be built that are easier to handle than liquid 
engines — easier to throttle, start and stop, even in space; they come in 
smaller, less complicated packages than comparable liquid fuel 
engines, because more than half the "plumbing" is eliminated; and a 
hybrid engine will operate normally regardless of chamber pressure, 
initial grain temperature, or cracks, flaws or voids in the grain. 

■ Because the hybrid's fuel is separated from its oxidizer, it is much 
more economical to produce and is safer to handle than propellants 
which already contain an oxidizer. Large hybrid grains can easily be 
segmented for transportation to assembly site. And clusters of hybrids 
could be “idled” at low throttle to permit pre-flight inspection prior to 
liftoff. 

■ UTC has been interested in hybrid rocket motors since the company’s 
formation — a long time on the aerospace clock. Over a year ago, UTC 
test-fired a 10,000-pound-thrust hybrid motor at its huge Development 
Center at Coyote, California. The success of this test spurred follow-up 
studies at UTC, which ranged from literally thousands of small-bore 
stability firings to prolonged (over 600 seconds) duration tests. 

■ On company-funded programs, as well as under Navy, USAF and 
ARPA contracts. UTC has designed, built, and tested a variety of hybrid 
rocket motors. A year ago, state-of-the-art hybrids were plagued with 
uneven burning. Now smooth, stable combustion has been achieved. 

■ A space-storable hybrid motor which UTC designed for upper-stage 
applications has demonstrated higher l so than any storable rocket 
propulsion device yet tested in the 1000-pound thrust range. 

■ UTC's extensive research, development, and test facilities both at 
its Sunnyvale headquarters and at its sprawling Coyote Development 
Center are manned by widely-experienced scientists and management 
personnel. They have the finest modern equipment at their disposal, as 
well as the talent and resources of the entire Center. Moreover, the 
support of the parent company, United Aircraft, is a real asset to UTC. 

■ Hybrid motors are not expected to replace either solid or liquid 
propellant rocket motors now in use. Advanced assignments that impose 
limitations beyond the design of current systems will determine the 
hybrid's future role. They form the natural bridge between UTC's 
activities in space-storable liquid propellant rocket engines and its solid 
propellant rocket motor program, which includes the role of prime 
contractor for the first stage of USAF Titan III C. 

UNITED 
TECHNOLOGY 
CENTER 


SUNNYVALE, CALIFORNIA 






1. HYBRID FUEL DOGBONE is ex- 
posed to bare flame, yet will not 
burn. It will ignite hypergolically 
when oxidizer is applied. Because 
there is little danger of inadvertent 
ignition, processing and handling 
problems are greatly reduced for 
hybrid motor grains. 


2. STEADY BURNING, shown in 
bottom photo, is possible now with 
UTC's advanced fuels. Top photo 
shows uneven burning which cost 
hybrids up to 25% of potential en- 
ergy as recently as two years ago. 


3. 10,000 -LB. -THRUST HYBRID 
rocket motor was fired at UTC's 
huge Development Center near 
Coyote, California, early in 1962. 
This fully successful firing culmi- 
nated early research and gave 
powerful impetus to a continuing 
hybrid program at UTC. 


4. VERY HIGH PERFORMANCE fuel 

and oxidizer provide this seg- 
mented 5" hybrid rocket motor 
with over 800 lbs. of thrust in a 
recent test firing. 


5. 12-INCH HYBRID MOTOR un- 
dergoes one of a series of firings 
in the 1,000-lb. thrust range. Nu- 
merous tests show that even major 
cracks in the surface of the grain 
have no effect at all on combus- 
tion because the hybrid's active 
combustion zone is away from the 
surface of the grain. 


6. SMALL HYBRID TEST MOTOR 

is an off-the-shelf item at UTC. 
More than 10,000 firings without 
failure show its reliability. 



Aviation Week Pilot Report: 


Seaplane Rating Aids Hydroskimmer Pilot 


By Larry Booda 

Buffalo— It is a matter of debate whether the Bell Aerosystems SKMR-1 
Hydroskimmer ground effects machine ( GEM ) is flown or driven, but for this 
Aviation Week & Space Technology pilot there is no doubt that it is flown. 

This vehicle, being developed under a Navy Bureau of Ships contract, oper- 
ates on an air cushion at altitudes ranging from 12-24 in. It has an aircraft 
cockpit, and aerodynamic rudders control direction at higher forward speeds. 
Aerodynamic lift fans create the air cushion, propellers furnish forward and 


reverse thrust, and a stick controls 
More important, reactions of an air- 
craft pilot, particularly one with sea- 
plane experience, are highly desirable 
when high speeds are attained. And Bell 
has assigned aircraft test pilots, rather 
than boat handlers, to the project. 

Despite the features that resemble 
those of aircraft, SKMR-1 embodies hull 
design and ruggedness principles of 
hydrodynamic craft that pennit it to 
operate in relatively rough water. 

The Hydroskimmer, which passed its 
acceptance trials in August, is a research 
and development craft. It is not a proto- 
type for later production, because the 
Navy intends to investigate the entire 
operating regime before committing it- 
self to the expense of production. 

The idea of air cushion vehicles is not 
new, but the possibilities of a GEM of 
relatively large size are still unknown. 


in both pitch and roll axes. 


The Navy has potential requirements 
for such a vehicle in anti-submarine war- 
fare, and the Marine Corps, for whom 
the Navy procures weapon systems, sees 
it as a possible amphibious landing craft 
that could be beached and move inland. 
Bell has studied an alternate commercial 
configuration, which would earn' 60-75 
passengers on inland waterways. 

SKMR-1 is 65.5 ft. long, 27 ft. at the 
beam and 23.5 ft. high at the top of the 
shrouds of the ducted propellers. With 
fuel for an hour’s operation and carry- 
ing six persons, it will gross more than 
45,000 lb. and will ride the air cushion 
24 in. above the surface of land or water. 
It can be loaded with more fuel or pay- 
load up to 75,000 lb. At that weight it 
would ride 12 in. above the surface. 

Bell signed a Phase 3 agreement with 


the Navy late in September to conduct 
two months of testing that will help the 
Navy write specifications for future 
GEMs. In the first part of the tests, 
the craft will be operated without exten- 
sion of the ducts that guide the air from 
the lift fans downward around the 
periphery of the vehicle and then 45 
deg. inward to create the air cushion. 

Tranks will be added for the second 
part of the tests. These trunks are made 
of flexible, semi-rigid material. They will 
be rigid enough to guide the air down 
from the source, yet flexible enough to 
give when they encounter waves or 
ground protuberances, thus enabling the 
vehicle to ride 3-4 ft. in the air. 

In addition to the peripheral nozzle, 
the vehicle has stabilizing nozzles that 
run fore and aft and from side to side, 
dividing the underside of the craft into 
four compartments, which fomi the 
main structural element. The total air 
cushion area thev enclose is 1,225 sq. ft. 
The stabilizing nozzles take 2 % of this 
area and peripheral nozzles, 5%. 

There are four lift fans, one fore and 
one aft on each side. The lift fans are 
interconnected with the ducted propel- 
ler on the same side. Two Solar Saturn 
marine free shaft gas turbines using 
JP-5 fuel and rated at 1,080 hp. each at 
1,800 rpm. furnish the power for each 


side. They turn the 169-lb. cushion fans 
which are 6.5 ft. in diameter. The fans, 
built by General Dynamics Electric 
Boat, are made of glass fiber. Variable 
pitch guide vanes permit the air flow 
to be adjusted. 

The 10 ft. dia. threc-bladed alumi- 
num ducted propellers are manufac- 
tured by Hamilton Standard. 

Attitude is controlled by the action 
of butterfly valves around the peripheral 
nozzles. By moving the stick, the air- 
flow is slightly changed to produce nose- 
up and nose-down and side-to-side 
movements. 

Structural specifications for the 
SKMR-1 arc such that it can operate in 
a state three sea, which describes a 7- 
10-kt. wind and slightly breaking wave- 
lets and whitecaps. It is capable of 
withstanding pressures of 60 psi. at the 
b.ow. The basic structural material is 
aluminum, with the exception of the 
superstructure, including the cab, which 
is made of glass fiber, and the deck, 
which is a balsawood core faced with 
aluminum. Light structural weight has 
been achieved by using aircraft construc- 
tion techniques for the main elements. 

Most of tne load is carried by the four 
flotation compartments and connecting 
members. The lower surface consists of 
integrally stiffened aluminum extru- 
sions. The lower surface is fabricated 
from stiffened skin panels extending the 
full length of each compartment be- 
tween tne beams. Transverse framing 
varies between 19 and 27 in. depending 
on local loads. There are flotation com- 


partments fore and aft, each separated 
into smaller sections by full depth wa- 
tertight bulkheads. The bow is attached 
to fittings at the top and bottom of the 
forward flotation compartment. 

Lift fans, pylon trasses and propellers, 
engines and cabin are trass-mounted 
through the horizontal air passage to the 
beams and frames inside the hull. 

The Saturn engines were designed 
specifically for marine use and have been 
used by the Navy to power small boats 
and emergency electric generators. En- 
gine mounts are redesigned to conserve 
weight; and oil tanks arc designed to 
aid de-aeration so that less oil need be 
carried. 

Engine air is fed from the air cushion 
fan plenum chamber through a York 
Demister which separates water from 
the air. Some efficiency is lost because 
of temperature rise in the engine com- 
partment, but this is more than offset 
by the supercharging effect of the 
cushion fan air and relative air dryness. 



JP-5 fuel is stored in four 400-gal. 
tanks. This is enough fuel to provide 
4 hr. of operation at maximum power— 
1,800 rpm. The tanks are arranged so 
that there is a minimum of shift in the 
center of gravity as fuel is used. 

The engine compartments are 
equipped with a fire extinguishing sys- 
tem operated from the cockpit. 

The Hydroskimmer can be operated 
equally well from cither left or right 
seats, although the project pilots prefer 
the right side because the propeller pitch 
indicators are on that side, and they give 
the operator a display of the amount of 
forward, reverse or differential thrust 
lie has applied. 

This pilot sat in the left scat, with 
Allard G. Russell, director of flight re- 
search, occupying the right seat for the 
demonstration ride. The site was a 
small hangar on Buffalo Port Authority 
waterfront land a short distance from 
the downtown part of the city. Bell 
operates the SKMR-1 and a smaller 
company GEM, the Carabao, from the 
facility. 

Weather conditions the day of the 
ride were ideal for demonstrating the 
raggedness of the vehicle. The wind 
was blowing steadily at 30 kt. from the 
south, which made it nearly parallel to 
the breakwater-enclosed harbor. The 
waves inside the harbor were about 1 
ft. higher while the whitecapped waves 
on Lake Erie outside were 2 to 3 ft. 
high. 

SKMR-1 was taken from the hangar 
to the ramp outside by an oversize 
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IF YOU NEED POSITIVE DRIVE 


THROUGH A HERMETIC SEAL 

With • no packing, bellows or other mechanical seals 

• minimum backlash 

• high torque capacity and reduction ratio 

• ALL IN A FOUR-POUND PACKAGE, 

HARMONIC DRIVE* HAS IT! 



straddle truck specially designed for the 
job. The ramp is the same as a sea- 
plane ramp with a gradual slope into 
the water. 

Tire vehicle is boarded from a port- 
able stairway wheeled to the rear or the 
center platform. In walking the length 
of the platform, you first pass under 
the ducted propellers and then past the 
engine and fan housings on both sides. 
A single door leads to the cockpit area 
which BuShips prefers to call the pilot 

Rear Compartment 

Instrumentation and communications 
equipment is installed in the rear com- 
partment of the cockpit area. In the 
cockpit itself, the two pilot seats flank 
a control pedestal. To the rear on each 
side are scats holding six persons, each 
provided with a safety belt. 

The pilot and copilot seats are about 
2 ft. from the side windows. The for- 
ward windows are large and equipped 
with heavy duty wipers. 

A single instrument panel runs verti- 
cally along the centerline under the 
windshields. From top to bottom the 
instruments are: four gas-producer 

tachometers, four power turbine tach- 
ometers. four exhaust temperature 
gages, four oil temperature gages, four 
oil pressure gages, fan and propeller 
gear box temperature gages, inclinom- 
eter, magnetic compass and indicated 
air speed. A horizontal display on the 
pilot’s side contains propeller pitch, 
Doppler ground speed indicator, a turn 
and bank indicator and a gvrosyn com- 
pass indicator. 

Center Pedestal 

The center pedestal has electric 
switches, four handles for power con- 
trol and two handles for controlling 
propeller pitch. 

The Doppler speed indications come 
from two 45-deg. depressed, police-type 
radars, one pointing to the wake and 
the other to the side. Doppler is nec- 
essary because the indicated air speed 
is useless for navigation when going 
upwind or downwind. The side-looking 
radar provides translation, or skidding, 

The vehicle is started automatically 
with available battery power. There has 
been no hot start of the Saturn engines 
in the history of the SKMR-1. 

No attempt has been made to sound- 
proof the cockpit area, as would be done 
in production craft. As a result the 
inside noise level at full power is 105 
db., and ear protectors are worn by the 
passengers. 

Pilots and engineer are protected by 
their earphones. 

In this research vehicle, the four 
power levers are operated on pilot voice 
command by the engineer, who can 
reach the pedestal from the lower deck 
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level behind the flight deck. Careful 
power adjustments are necessary because 
engine governors are not installed. A 
production craft would have them, per- 
mitting one-man craft operation. 

As power is applied the craft rises. 
Forward motion is imparted to the 
craft by moving the two propeller pitch 
levers forward. Speed down the ramp 
is 25 to 30 kt. so that spray will not 
be kicked up in front. 

Forward Propulsion 

When propeller pitch is moved for- 
ward, power for forward propulsion is 
taken from that applied to lift. Speed 
is gained rapidly. On four runs made 
by this pilot, backstopped by Russell, 
the ground speed averaged 63 kt. down- 
wind and 54 kt. upwind. 

In making a standing start, spray en- 
velopes the vehicle, and the only visi- 
bility is through the wiped portion of 
the windshield. Back stick pressure is 
exerted to raise the nose as forward pitch 
is applied. The spray disappears imme- 
diately. At speeds over 25 kt. spray is 
completely aft of the vehicle. 

As speed is gained the stick is cased 
forward. The ideal attitude at high 
speeds is nose down, giving the feeling 
of a toboggan ride. The over-all flight 
effect is that of taxiing a seaplane with 
the hull riding high in the water while 
planing on the step. 

Entering turns is uncomfortable for 
an aircraft pilot because there is a great 
deal of skid, although some banking can 
be done with the stick. Maximum per- 
formance turns are done with pro- 
nounced skids. Deliberate rocking of 
the craft with the stick was tried. The 
air cushion damps out any overcontrol 


so that no part of the craft digs in. 

Turns while stopped but hovering are 
made with a minimum of differential 
propeller pitch. Settled in the water, 
however, full differential pitch and 
added power over idle are needed to 

Russell took the craft through the 
harbor entrance into Lake Erie to dem- 
onstrate its capabilities in rough water. 
There was considerable bucking and 
spray but the vehicle still achieved 40 
kt 

The sea state was considerably 
higher than the design limit, but the 
air cushion effectively smoothed the 
wives under the craft. 

Approach to the ramp was made at 
25 kt. with the strong wind on the star- 
board quarter. The climb up the ramp 
was made at the same speed, and engine 
stopping and rundown was rapid. 
Check Lists 

The checkoff lists used for the Hvdro- 
skimmcr are simple and can be accom- 
plished in less than 1 min. 

BuShips wants to fill gaps in its 
knowledge with the SKMR-1, specifi- 
cally in the areas of rough water control, 
stability, maneuverability, structures, 
spray and noise. 

It will also provide a craft to evaluate 
the air cushion vehicle concept for mili- 
tary applications to hasten acceptance 
of these vehicles as military craft. 

Requirements for crew training will 
also be evaluated. Non-aircraft pilot 
personnel can be trained to operate the 
craft, but they will have to receive con- 
siderable indoctrination in operating the 
Hydroskimmer at higher speeds in re- 
stricted areas, when quick reactions are 
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necessary. Reaction times needed are 
comparable to that required for aircraft 
takeoffs and landings, rath-r than opera- 
tion of surface vessels. 

'Hie most attractive features of the 
Hydroskimmer from the military stand- 
point are high speed, ability to operate 
at zero draft, amphibious capability and 
large load-earn ing capability’ when com- 
pared with a helicopter. 

Tire general rule of thumb applied to 
GEM vehicles is that they can “flv" at 
one-tenth of their diameter. A 200 ft. 
diameter vehicle, for example, could 
travel 20 ft. over the surface. By apply- 
ing such developments as trunks or 
skirts, the proportion can be made 
smaller. Some engineers say that it can 
be reduced to one-fifth as the state of 
the art progresses. 

The Navy will have to settle an in- 
ternal division of opinion regarding 
GEMs and hydrofoil craft, which ride 
out of the water on foils. The hydro- 
foils have been in development much 
longer and commercial hydrofoils are 
operating many places in the world. 
Ground effect machines are relatively 
new and will need considerable time 
for testing and evaluation. 

The original development contract 
for the SKMR-1 amounted to S2 mil- 
lion. This paid for the construction 
and flight test program through accept- 


ance. Two additional contracts were 
signed in September. One, for testing 
the vehicle with direct ducting, 
amounts to 5224,473. It was com- 
pleted in November. The second con- 
tract, for 5200,000, covers testing with 
the trunks installed and will be com- 
pleted in December. At that point, the 
craft will be turned over to the Nary for 
testing in Chesapeake Bay. 

Tire Navy’s Bureau of Weapons is ad- 
ministering the contract for the Bureau 
of Ships. The plant representative is 
Lawrence J. Cummings. The BuShips 
project officer is Lt. J. R. Gauthey. 

Project manager at Bell is Anthony 
E. Mirtv. The chief test pilot is David 
W. Howe. 

Mooney Sales Backlog 

Mooney Aircraft, Inc., is starting its 
1964 sales year with a backlog of ap- 
proximately 54 million, absorbing pro- 
duction through February, 1964. Sales 
in the next vear of the Kerrville, Tex., 
company’s three four-place models are 
expected to establish a new Mooney 
record of approximately 59.5 million in 
factory net billings, compared to ap- 
proximately 56.5 million tor 1963. 

Next year, 600 units are scheduled 
to be produced, compared with 502 in 
1963. 


Russians Seek Boost 
For Private Aviation 

Russia’s aviation enthusiasts are call- 
ing for relaxation of government regu- 
lations and less red tape to encourage 
the design, construction and testing of 
experimental aircraft by individuals or 
Soviet aero clubs. 

Requests are also being made in the 
USSR for authorization of “tourist avi- 
ation” which would be roughly compar- 
able to private flying activity in Western 

Russian aircraft designers A. S. Ya- 
kovlev and O. K. Antonov have urged 
the government to drop some of the 
many rules that now present almost in- 
surmountable problems for experi- 
mental aircraft builders. Antonov has 
been especially emphatic in supporting 
a greater degree of freedom for aviation 

Yevgeny Loginov, chief of the Rus- 
sian airline, Aeroflot, also has expressed 
approval, in principle, of amateur aircraft 
design activities. But he favors contin- 
ued strict government supervision of 
construction and tight control of test 
flights. 

Gloomy Future 

The Soviet magazine Tekhnika Mol- 
odezhi reports that a number of experi- 
mental aircraft have recently been built 
and illegally tested in the USSR, but 
adds that their future is not bright. 

“Main difficulty is that we haven’t 
organized and legalized air tourism," 
the magazine noted. "Consequently, 
any amateur aircraft building project 
either dies before birth or is doomed to 
wither away. The sky is closed to it." 

Among the experimental aircraft built 
or being developed in Russia arc a 
single-place autogyro weighing 550 lb. 
and powered bv a 28-hp. motor; a two- 
place. “tourist” autogyro with a 57-hp. 
motor; midget helicopters, including a 
strap-on model, and lightplanes. 
Original Lightplane 

The fate of an original lightplane 
built by three amateur designers and 
named the "Leningradets" (Leningrad- 
er) illustrates the problems encoun- 
tered by Soviet experimental aircraft 
enthusiasts. 

The “Leningradets” is a high-wing, 
single-place monoplane, 16 ft. long and 
with a 23-ft. wing span. Weighing about 
SS0 lb., it is powered by a 60-hp. en- 
gine and can fly at 75 mph. 

According to Tekhnika Molodczhi, 
the "Leningradets" has excellent stabil- 
ity, is practically spin-proof and has a 
record range for its weight class. 

But the head of the Leningrad Avia- 
tion Sports Club, which is under the 
jurisdiction of the USSR’s huge, semi- 
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control equipment 

Dynamic rate range ““““ 
over 1,750,000/1 
Unequaled perform- 
ance for large loads 
and low cost 

MODEL 


□ Acceleration exceeds 50,000°/sec ! □ Maximum rate exceeds 
700°/sec □ Minimum rate less than 0.0004Vsec D Available 
in earth and space coordinates. 
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ITT Videx sends TV pictures 
over telephone or two-way radio 


Now, with the new ITT Videx slow-scan 
TV system, you can send sharp, clear 
pictures over existing voice channels 
such as telephone lines or two-way radio. 
EASY TO OPERATE. With Videx, you 

1. Call the location which is to receive 
the picture. (It may be one location 

2. "Snap" and send a picture of the sub- 
ject you want to transmit (It can be flat 
or 3D.) by pushing "transmit” button. 

The Videx picture is sent out in 10 sec- 
onds to receiver where it can be viewed 
for 6 minutes or until erased by the re- 


ceiving operator. Photographic acces- 
soricsareavailableforpermancntcopies. 
USE IT ANYWHERE. Two basic Videx 
camera systems arc available— desk 
model designed for permanent location 
and portable model suitable for use in 
land vehicles, aircraft or shipboard. 
Models also available for transmission 
on communication links with 5KC, 
IOKC, 1 5KC, Teicpak A and 4MC 
bandwidths. 

LOW-COST RADAR REMOTING. Videx is 
extremely valuable as a low-cost system 
to present radar images at multiple re- 
mote locations. Its versatility also makes 


it ideally suited for tactical surveillance, 
inventory control, security inspection, 
personnel record transmission, signa- 
ture verification and the remote inspec- 
tion of drawings, maps, charts, status 
reports, instruments, and many others. 
INVESTIGATE VIDEX TODAY and learn 
how easy and inexpensive image trans- 
mission can be. Three weeks delivery 
for most Videx models. Send coupon 
today for more information. ITT Indus- 
trial Laboratories, a division of Interna- 
tional Telephone and Telegraph Corpo- 
ration, Dept. 61400, 3700 East Pontiac 
Street, Fort Wayne 1, Indiana. 
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ITT INDUSTRIAL LABORATORIES, Dept. 61400 
3700 East Pontiac Street, Fort Wayne 1, Indiana 
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STOKES NAMED PRIME CONTRACTOR 
FOR NEW DOUGLAS SPACE FACILITIES 


The Stokes Space System Department has been 
named prime contractor for the design and installa- 
tion of three new space environment simulation 
chambers, key elements in Douglas Aircraft Cor- 
poration's privately financed Space Systems Center 
at Huntington Beach, California. The largest and 
most technically advanced space-test laboratory on 
the West Coast, the Center will be an integral part of 
Douglas' Missile and Space System Division. 

The largest chamber, 39 ft. in diameter, will be 
capable of testing fully assembled vehicles scheduled 
for manned flight. It will be used in the Saturn 
program, and in the development of lunar and plane- 
tary probe vehicles. The Stokes systems will repre- 
sent the most advanced state-of-the-art on comple- 
tion, and are designed for updating to even higher 
simulation parameters in the future. Stokes units 
similar to these are now achieving vacuums in the 
10- |U Torr. range. High-speed cryopumping on all 
three chambers at 20°K will assure the attainment 


of true orbital vacuums, even under high gas loads. 
Stokes has assigned CryoVac, Inc. the design, fabri- 
cation and installation of cryogenic systems, and 
named Pittsburgh-Des Moines Steel Company to 
furnish and erect the large steel sphere. 

A deciding factor in the selection of the prime con- 
tractor was Stokes’ experience in designing and 
building large, first-of-a-kind space test facilities, 
such as those installed at G.E.'s Space Technology 
Center. Another was Stokes' related background in 
space vacuum and cryogenics, as represented by 
General Electric's and Goddard's SES and DTC 
systems. To this experience, Stokes adds its long 
and successful history in the development of large- 
scale industrial equipment utilizing ultra-high vac- 
uum, thorough engineering design and coordination, 
fabrication facilities, and field erection service . . . 
an integrated, start-to-finish capability unique in the 
entire area of space environment simulation. Space 
Systems Department, F. J. Stokes Corporation, 5500 Tabor 
Road, Philadelphia 20, Pa. 
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military DOSAAF organization (Volun- 
tary Society for Assisting the Army, Air 
I-orcc and Navy), ordered that the craft 
be impounded and that nobody be al- 

Shortly thereafter, the Central Com- 
mittee of DOSAAF sent a letter to the 
chairman of the USSR Council of Min- 
isters' State Committee for Aviation 
Technology, Comrade P. V. Demen- 

In the letter he said: 

“The ‘Leningradets’ airplane, as 
shown by its flung characteristics, can 
be used successfully by DOSAAF to 
establish a distance record for planes in 
the first weight category. We request 
you to authorize us to put the 'Lenin- 
gradets’ in flying condition, compile 
the necessary technical documentation 
for it, and carry out flight tests." 

Still Impounded 

But, Tekhnika Molodezhi noted, the 
plane remained impounded. The maga- 

“Why? It turns out that it is subject 
to the regulation which provides that 
scientific-research organizations must 
test three finished copies of new aircraft 
at ultimate loads— one copy to be tested 
to destruction in the strength labora- 
tory, and the second and third copies 
to be thoroughly flight tested. (This is 
similar to the regulation covering new 
Russian commercial transports and 
other large aircraft.) 

"But can amateur, experimental air- 
craft builders themselves be expected to 
build the three copies required for the 
tests? Surely the trials could be limited 
to testing one copy of the 'Leningradets' 
at 67% of the ultimate load provided 
in the standard specifications. 
Destruction Tests 

“If the plane passes these tests, fine. 
It simply isn't necessary to go further 
in destruction tests. If it doesn't pass 
the 67% test it means the design is 
faulty, and the craft isn’t suitable for 
production." 

Tekhnika Molodezhi said it talked 
with A. Makelnikov, head of the Len- 
ingrad Aviation Sports Club, to see if 
lie could help the builders of the "Len- 
ingradets." Makelnikov replied: 

"The USSR Air Code says that all 
aircraft must undergo testing by the 
scientific-research institutes and get a 

"Wc have looked at the ‘Lenin- 
gradets.' It’s a good plane. 

“night tests were made in it despite 
the regulations. True. 1 didn't flv it. 
They would have had my head if I had 
done so. We are all for airplanes such 
as this, although everything must be 
done legally.” 

Tekhnika Molodezhi said that Mak- 
elnikov was so afraid of repercussions 
from above that he refused to provide 
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CONNECTIONS 


Direct connections. When his hand moves, the control 
system responds. Instantly. Exactly. Reliably. As long 
as flight is "manned,” many control and feedback func- 
tions will be performed more reliably by mechanically- 
oriented systems. With this dependability come appre- 
ciable savings in weight and volume. Systems now are 
being designed to match the vibration, thermal-growth, 
high-heat and hard vacuum requirements of multi-mach 
aircraft and space vehicles. Teleflex problem-solving 
capabilities extend over a broad spectrum of control 
systems and include unusual accomplishments in the 
most hostile environments. Put these capabilities to work 
for you. Teleflex Incorporated, North Wales, Penna. 

Creative engineering of control and actuation systems 
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BOOTS CAPPED LOCKNUTS 

Increase Reliability of Assemblies 


Above — Boots capped locknuts increase assembly reliability under 
conditions of vibration by preventing the abrasive removal of in- 
sulation from wires near protruding bolt threads. 

Below — Boots capped locknuts provide protection for delicate ex- 
posed circuits by effectively trapping metallic flakes or other fallout 
resulting from assembly of screw and nut. 


Other advantages— Boots capped locknuts prevent damage from 
over-length screws, provide liquid seal in tanks, give neat appear- 
ance, make possible ease of inspection when provided with probe 
hole and protect threads from galling in high temperature and cor- 
rosive atmospheres. A-286 stainless types have low magnetic perme- 
ability. Write for literature which describes types and wide ranges 
of regular and miniature sizes. 

<Jfc> ft 

Boots Aircraft Not Division 

Norwalk, Conn. 


a parachute for the amateur test pilots 
who flew the plane "illegally." 

Makelnikov said: "I don't have the 
right to provide a parachute. What if 
the plane should crash?" 

"That,” Tckhnika Molodczhi com- 
mented, “is iron-clad logic for you. The 
illegal flights were made anyway, and 
nothing happened. But if trouble had 
developed which required use of a 
parachute, Makclnikov's conscience 
would have been ‘clear.’ 

"So now a guard walks back and 
forth in front of a shed with locked 
doors. It contains the ■illegitimate' air- 
plane which, specialists assert, could 
easily set a world record. Both the plane 
and the record are being well pro- 
tected.” 


156-in. Solids Adapted 
To Multiple Purposes 

Adaption of 156-in.-dia. solid-propel- 
lant motor segments as building blocks 
to create multi-purpose launch vehicles 
has been suggested to Air Force and 
Defense Dept, officials. Feasibility 
demonstrations of the 1 56-in. motor 
currently are being conducted by Thio- 
kol Chemical Corp. and Lockheed Pro- 
pulsion Co. for the USAF Space Sys- 
tems Div.'s Program 623A. 

The presentation to USAF and the 
Defense Dept., made by Lockheed Mis- 
siles and Space Co. planners, outlined 
three basic configurations to meet cate- 
gories of a weapon system booster and 
a standard launch vehicle. 

• Three-stage arrangement. Its first 
stage would have a 156-in.-dia. center 
segment plus two end caps, or closure 
pieces. The second stage would be com- 
prised only of two end caps, each con- 
taining propellants. The third stage 
would use a storable liquid propellant. 
This vehicle could boost a 30,000-lb. 
payload to a target approximately 6.500- 

Cost of the vehicle is estimated at 
about $4 million. 

• Three-stage configuration, using first 
and second stages as in the vehicle 
above, would bas e an Agenn D as the 
third stage. This vehicle would be cap- 
able of lofting a 30,000-lb. payload into 
a 100-naut. ini. polar orbit. Cost also 
would be about $4 million. 

This three-stage configuration also is 
presented as an economical space 
booster to fill the gap between the At- 
las Agena, with an S,000-lb. payload 
capability, and the Titan 3, which is 
planned for a capability of up to 28.000 
ib. The argument is that for this gap 
range the cost with the 1 56-in.-Agcna 
combination to put a pound of payload 
into orbit would be substantially less 
than with Titan 3. However. 120-in. 
motor segments, now under devclop- 
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ment bv United Technology Center 
for the Titan 3, also could be combined 
to loft payloads in that range. 

• Four-stage configuration would incor- 
porate two 120-in.-dia. strap-on solids 
as the first stage, the two bottom 
156-in. stages of the three-stage vehicles 
described above-as the second and 
third stages, rcspectivelv-and an ad- 
vanced Agena as the fourth stage. Its 
payload capability’ would be about 42,- 
000 lb, for a 100-naut. mi. polar orbit. 
Vehicle cost is estimated at about S6 


Soviet Claim of Polaris 
Equivalent Questioned 

London— Soviet Union has a force of 
fleet ballistic missiles but it is doubtful 
whether Soviet claims that it has devel- 
oped an equivalent to Polaris can yet 
be taken literally, according to the 
Institute for Strategic Studies. 

The Institute, in its fifth annual re- 
port on the military balance between 
Western and Eastern powers, said So- 
viet defense policy has changed little in 
two years but the slow build-up of 
intercontinental ballistic missiles is con- 
tinuing. It would appear, the Institute 
continued, that deployment of medium- 
range ballistic missiles has now reached 
completion. 

Defense expenditures have increased 
slightly, due to emphasis on research 
and development, and the Institute 
said it is notable that the USSR is con- 
tinuing procurement of medium-range 
supersonic bombers "which are clearly 
expected to continue in sen-ice for the 
foreseeable future." 

There are also a number of policy 
developments which indicate a change 
of emphasis, and to some extent, force 

Increasing influence of officers with 
a scientific background is the most 
important. 

The Institute claims that the test ban 
treatv is likelv to inhibit Soviet develop- 
ment in the one field where the USSR 
is inferior to the U. S.— the production 
of very low yield nuclear weapons. The 
report contended: 

"The treaty may inhibit the anti- 
ballistic missile program: but it would 
appear that the Soviet Union has re- 
signed itself to a period without any 
effective defense against missiles and 
believes that the same will be true of 
the United States. 

"This resignation seems to be a part 
of the general Soviet approach to the 
present strategic confrontation: it ap- 
pears that the Soviet authorities are de- 
bating future policy in terms of their 
own resources and of the current strate- 
gic controversies within NATO before 
they decide whether any large reorien- 
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miniature rivets 
solve your most 
difficult jobs 

For those “impossible” installa- 
tions where it is difficult to buck a 
solid rivet and not damage the sur- 
rounding structure, use the Cherry 
" diameter rivet. It is available in 
pull-thru or self-plugging types — in 
aluminum or Monel — universal or 
countersunk head — serrated or knob 

Try the Cherry miniatures on 
some of those difficult applications. 
We can probably solve your problem. 

Many of these rivets can be in- 
stalled with a fast, simple hand tool 
weighing only nine ounces. 

For technical information, write to 
Townsend Company, Cherry Rivet 
Division, Box 2157 N, Santa Ana, 
California. 
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proven U.S. Navy’s pert program. Now you can plan, 
tors in big, complex jobs. 


! a disciplined, comprehensive plan of ac- 
your project objectives. 


As you progress, pert cost provides up-to-the-minute progress reports on all areas oE the 
job. You know what’s on schedule, what’s behind. The program pinpoints trouble spots 
for immediate action. 


pert cost handles projects of up to 75,000 separate activities, with subnet divisions of 
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Whether you’re building a missile or developing a market, pert cost makes project man- 
agement easier for you. Ask your ibm representative. 
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tation of their own policy is necessary.” 

The Soviet defense budget for 1963 
shows an increase of about 4% over 
the preceding year, to about $15.4 bil- 

Since this does not reflect costs 
of space or defense research, the Insti- 
tute thinks a more realistic figure is 
about $34 billion. 

The Soviet Union now has about 100 
operational ICBMs but it is not known 
how many are second generation, using 
a storable liquid fuel. A number of 
ICBM sites now have been hardened, 
but the policy relies to a great extent 
on concealment and active defense 
measures for protection. 

MRBM Force 

Its MRBM force also has been sta- 
bilized by the Soviet Union at 750 de- 
ployed, to deal with strategic and semi- 
tactical targets in Western Europe, 
Great Britain and in the Far East. An 
intermediate range ballistic missile 
force in which the weapon has a two- 
stage, liquid-fueled engine with a range 
of 2,100 mi., is still building up. Soviet 
missile forces are now under command 
of Marshal Krylov. 

In the Soviet Air Force, operational 
strength is now 12,500 aircraft organ- 
ized into five components: a long-range 
strategic bomber force, tactical fighters 
and bombers, fighter interceptors, the 
land-based fleet air arm and the air 
transport force. 

^Thc strategic strike force breaks down 

• 70 Tu-20 Bear turboprops now able 
to carry a large winged missile, and four- 
jet Bisons. The Bisons also can carry 
large winged missiles. 

• 1,000 twin-jet Tu-16 Badger medium 
bombers in addition to about 400 Bad- 
gers assigned to the Naval Air Force for 

• Supersonic medium bomber, the 
Blinder, now coming into service with 
a long-range air to ground missile. It 
probably is a replacement for the Bad- 
ger. 

Soviet Bombers 

In tactical ranges, the USSR has 
about 3,000 bombers. The Flashlight B 
with a transonic capability and range of 
570 mi. has entered service, and a fol- 
low-on, the supersonic Firebar A, is now 
operational. 

For the fighter command, the Insti- 
tute says that the MiG 23 Flipper may 
now also be in service, with a top speed 
of about Mach 2.5. 

According to the Institute, the USSR 
now has 20 nuclear-powered subma- 
rines and at least 30 missile-carrying 
subs with a strategic role in the Arctic 
and Far East fleets. It is not known 
what proportion of these can launch 
while submerged. 
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Firms’ Reports Show 
Sales, Earnings Gain 

Selected year-end and nine month- 
fiscal reports from major aerospace com- 
panies show, with few exceptions, an 
over-all gain in both sales and earnings 
during the year. 

United Aircraft Corp. had sales of 
$942.5 million and earnings of nearlv 
$15.2 million-equal to $2.20 a share 
of common slock— for the first nine 
months of the year. During the same 
period last year. United Aircraft had 
sales of $887 million with net earnings 
of $12 million, equal to $1.72 a share 
of common stock. 

The order backlog, including govern- 
ment letters of intent, declined from SI 
billion on Sept. 30, 1962, to $975 mil- 
lion on the same date this year. 

NAA's Report 

North American Avialion’s senior 
vice-president and treasurer, R. A. Lam- 
beth, said net income for the company, 
including wholly-owned subsidiaries, 
totaled nearly $41.2 million on sales of 
$1,868 billion for Fiscal 1963, which 
ended Sept. 30. That was a 14% in- 
crease in sales and a 21% increase in 
eamings over those of the preceding 

North American’s order backlog 
dropped from SI billion on Sept. 30. 
1962, to S949 million on last Sept. 30, 
Lambeth said. 

Lockheed Aircraft Corp.’s Board 
Chairman Courtlandt S. Gross and 
President Daniel J. Haughton reported 
the firm’s ratio of eamings to sales for 
the nine months ending Sept. 29 rose 
from 2.1% for the 1962 period to 2.4%. 
Sales increased 9% from SI .260 bil- 
lion for a comparable 1962 period to 
SI .375 billion for the first three quarters 
of 1963. 

Lockheed Profits 

Nine-month profits this year totaled 
$32.6 million. Gross said that it was 
the best in Lockheed’s historv and a 
23% increase over last year's nine- 
month profits which were in the 
amount of $26.5 million. 

Per-share earnings for the first nine 
months of 1963 were $3.07, compared 
with $2.55 per share for the same pe- 
riod last year. According to Lockheed, 
more than half of its business is under 
incentive contracts with an opportunity 
to improve profits through improved 
performance. 

The company says that the outlook 
is favorable for 1963 sales in excess of 
$1.9 billion. 

The company’s funded backlog on 
Sept. 29 was $1.6 billion, compared with 
the company’s backlog of $1.5 billion 
the year before. 

Thiokol Chemical Corp.’s consoli- 
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dated net earnings for the nine months 
ending Sept. 30 were nearly $4.8 mil- 
lion excluding a non-recurring $600,000 
special charge relating to years before 
1961. 

Profits for a comparable period last 
year were S4.75 million. 

Sales for the nine-month period were 
$204.1 million this year compared with 
$184.8 million for a comparable period 
last year. 

Due to the non-recurring expense 
this year, per share earnings totaled 
93 cents for both periods. 

Other Reports 

Other nine-month reports of aero- 
space companies showed: 

• General Dynamics Corp. earned 
$41.9 million, equal to $4.19 a share, 
on sales of $1,036 billion for the first 
nine months of the year. Comparable 
figures last year showed General Dy- 
namics with $34 million, or $3.40 a 
share, earned on sales of nearly $1.5 bil- 

• Boeing Co. showed a net profit of S14 
million, or $1.75 a share, on sales of 
$1,314 billion for the first nine months. 
Last year, nine-month earnings were 
$21.6 million, or $2.70 a share, on sales 
of $1,268 billion. Earnings to sales ra- 
tio for the 1963 period was 1.07 com- 
pared with 1 .70 the year before. Boeing 
President William M. Allen blamed 
R&D and other costs associated with 
the the 727 short-to-medium haul trans- 
port and the Model 107 helicopter pro- 
grams for the drop in earnings. Order 
backlog rose from $1.62 billion on Sept 
30, 1962, to $2 billion on that date this 

• Republic Aviation Corp. and subsidi- 
aries show earnings on Sept. 30 of S4 
million, or $1.43 a share, on sales of 
S269.2 million. 

Comparable figures for the company 
for last year show S3.4 million, or SI. 19 
a share earned on sales of S187.8 mil- 

Sept. 30 order backlog stood at 
S337 million. 

Fairchild Earnings 

• Fairchild Stratos Corp.’s earnings for 
the nine months which ended Sept. 30 
reflect earnings in the second and third 
quarters which offset the $1.3 million 
deficit reported for the first quarter 
(AW Sept. 9, p. 85). Fairchild Stratos 
reports nine-month earnings of $178,- 
000 on sales of $42.8 million compared 
with 1962 nine-month totals of $2.2 
million earned on sales that amounted 
to $50.5 million. 

The company said its effort to cap- 
ture an increasing part of the missile 
and space market has raised its order 
backlog to 40% of its total business 
compared with 5% of its total business 
two years ago. 
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CAB Accident Investigation Report: 


Ditched DC-7 C Is Evacuated Successfully 


A Northwest Airlines DC-7C, N 283. was 
ditched near Biorka Island. Sitka Sound. 
Alaska, on Oct. 22. 1962, about 2052 GMT. 
All 95 passengers and 7 crew members suc- 
cessfully evacuated and were quickly rescued. 
No serious injuries were reported. 

The flight was operating as Military Air 
Transport Charter Flight No. 293 cn route 
from MeChord Air Force Base. Tacoma. 
Wash., to Elmendorf AFB, Anchorage, 
Alaska. While cruising at an altitude of 
20.000 ft. No. 2 engine lost power. Remedial 
measures failed, the propeller oversped and 
the engine seized. Attempts at feathering 
failed and the flight radioed a declaration of 
emergency and started descent toward Sitka 
Sound, Alaska. Other futile attempts were 
made to feather as the No. 2 engine became 
dange rouslv hot and shed parts. The captain 
elected to ditch. Passengers were moved aft 
and away from the plane of rotation of No. 2 
propeller, crew members issued ditching in- 
structions. and occupants and flotation gear 
were readied. The aircraft was put down 
skillfully under favorable conditions of 
weather and sea during davlight, and all 
occupants were quickly in iiferafts. Pres'i- 
ouslv alerted marine craft were nearby and 
took all hands aboard. Amphibious rescue 
aircraft were also close by. The aircraft 
sank in water 250 ft. deep in about 2-4 min. 

The Board determines that the probable 
cause of the accident was an uncontrollable 
overspeeding propeller due to failure in the 
blower section of No. 2 engine. 

INVESTIGATION 

A Northwest Airlines DC-7C, N 285, 
operating as Military Air Transport Service 
Charter Flight No. 293, was ditched in 
Sitka Sound. Alaska, about 1 mi. off Biorka 
Island, on Oct. 22, 1962. at 2052 GMT. 
There were no fatalities, and no serious in- 
juries svere reported to Board personnel by 
any of the 95 passengers or by any of the 7 
crew members. 

The flight was planned nonstop from Mc- 
Chord AFB, Tacoma. Wash., to Elmendorf 
AFB. Anchorage, Alaska. The crew con- 
sisted of Capt. Vinton R. Ilanson, Check 
Pilot Francis 11. Kellogg. First Officer Earl 
C. Perry. Flight Engineer Donald E. Hack- 
ett. Steward Richard D. Chinnock. and 
Stewardesses Ruth E. Fullerton and Kath- 
ryn E. Ollinger. 

The crew arrived at the Scattle-Tacoma 
International Airport early in the morning of 
Oct. 22. They planned the flight, checked 
the weather at the company’s dispatching 
office, and reviewed ditching procedures at 
this airport. Tire crew then ssent by taxicab 
to MeChord AFB. 

At MeChord the captain filed an In- 
strument Flight Rules (IFR) flight plan re- 
questing a cruising altitude of 1 4.000 ft. and 
indicating an estimated flight time of 5 hr. 



and 16 min. The gross weight of the aircraft 
ssas computed as 125.340 lb. (maximum 
permissible for takeoff was 127.070 lb. ) and 
the center of gravity was located within 
prescribed limits. 

Flight Engineer Ilackett conducted a pre- 
flight inspection of the aircraft. The engine 
pre takeoff checks indicated that the power- 
plants, including the propellers, were func- 
tioning satisfactorily. 

Takeoff was at I65S, and the aircraft was 
climbed continuously to its planned 14.000- 
ft. cruising altitude. Cruise power was estab- 
lished and the aircraft proceeded on course. 


Approximately 2 hr. after takeoff and some 
40-50 mi. past Sandspit, British Columbia, 
the flight encountered light to moderate 
icing conditions in clouds. Induction system 
icing caused fluctuations m the Brake Mean 
Effective Pressure (BMEP) and Manifold 
Pressure (MAP) gauge readings of all en- 
gines, and ice collected on the airframe. 
Use of carburetor alcohol proved adequate 
to cope with the engine icing. However, 
because of the ice accumulation on the air- 
frame, Sandspit Radio was asked for weather 
information. Sandspit replied that other 
aircraft had reported ice at S.000 to 10,000, 



Apollo Fuel Cell Powerplant Prototype 

Prototype fuel cell posvcrplant for the Apollo mission is checked by technicians of Pratt & 
Whitney Aircraft, developing the system for the Space and Information Systems Div. of 
North American Aviation, Inc,, prime contractor for NASA’s command and scrs-ice modules. 
Optional fuel cells also svill supply on-board electrical needs for LEM. White and black 
plug-like attachments on lower casing appear to be electrical and fluid interfacings. 
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MARIN 



For his contributions to Marine Aviation as a pilot, as 
Pacific Missile Range Liaison Officer, and Air Group Com- 
mander, Colonel Michael R. Yunck has been named recipient 
of the Alfred A. Cunningham Award as Marine Aviator of 1963. 


Marine Aviator of the Year 

COLONEL 

MICHAEL R. YUNCK 


The award was earned through Colonel Yunck’s demonstration of professional skill and 
resourcefulness directed toward the advancement of Marine Aviation in these areas: 



• Phantom II Data Link/ Airborne Tactical Data System Development 

• Bullpup Missile Control System Development 

• Development Tests with Phantom II for Short Airfield Tactical Support Operation 

• Hawk Battery Training Facility Activation 

• Development of an Improved Supersonic High Energy Climb Schedule for the Phantom II 

• Development of “Low & Slow” Fighter Tactics for Limited War and Helicopter Escort 

• As Pilot, Accomplished the Longest Non-Refueled Phantom II Flight on Record 

Colonel Yunck is the second recipient of 
the Cunningham Award given by the First 
Marine Aviation Force Veterans Associa- 
tion. Last year, Marine Lt. Colonel John 
H. Glenn earned Marine Aviator of the 
Year honors for his three-orbit flight in a 
McDonnell Mercury Spacecraft. 
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Engineers and Scientists 


You can Invest Your Future In 



.hePLACE with SPACE for everything 


Space! . . . There is space for Professional Ad- 
vancement here at Lockheed-Georgia Company. 
Twenty Seven Management Selection Commit- 
tees function in a completely unbiased and 
calculated system to find the best qualified in- 
dividuals to fill openings which occur. In the year 
1963 they have spent over twenty-three hundred 
and fifty manhours evaluating qualifications of 
employees. 

For every opening which occurs, these responsible 
committees do a thorough job of screening and 
may come up with one outstanding prospect, but 
if mote than one are equal in qualifications, the 
involved Department Head has the final choice. 
The strict impartiality and broad make-up of these 
committees put a premium on the record and 
ability of each employee and virtually eliminate 
favoritism in personal advancement within the 
Company. In addition, Management Develop- 
ment functions to encourage and aid those em- 
ployees who wish to further develop their capa- 
bilities and talents. 

If this system appeals to you as offering oppor- 
tunity to advance your career — we invite you to 


Openings in llie fields of: Aircraft Struc- 
tures (Basic Loads, Strength Analysis, 
Fatigue Analysis, Ground Dynamics, 
Weights) . . . Flutter and Vibration . . . 
Sound and Vibration . . . Aircraft Research 
Engineering . . . Flight Test Engineering . . . 
Aerodynamics . . . Operations Research . . . 

Preliminary Design . . . Reliability and Sys- 
tems . . . Thermodynamics . . . Propulsion 
. . . Production Design Engineering 

Send complete resume, in confidence, to: 
Thomas I. Thrasher, Professional Employ- 
ment Manager, Lockheed-Georgia Com- 
pany, 834 West Peachtree Street, Atlanta 8, 
Georgia, Dept.UU-75. 


Lockheed-Georgia Company 

A Division of Lockheed Aircraft Corporation 
An equal opportunity employer 


wind calm, temperature 53F. sea water sur- 
face temperature 56F, moderate swell from 
the west, calm or slight sea. Tire aircraft 
sank in an estimated 24 min. in water 250 
ft. deep at position 56 deg., 52 min.. 48 
sec., North 1 35 deg.. 20 min., 20 sec., West. 
Preparations for Ditching 

Detailed preparations were started when 
the captain told the steward to prepare for 
ditching and continued until the actual 
ditching, about 45 min. later. Recognizing 
that No. 2 propeller might separate from the 
engine and penetrate that area, the steward 
and both stewardesses had 28 passengers 
move out of the first fis T e rows of scats on 
the right and the first six rows on the left. 
These persons were seated in unoccupied 
scats or on the floor between scats, off the 
aisle and facing sideways. The seven children 
aboard were fitted with children’s lifevests 
and distributed strategically, for optimum 
assistance in leaving the aircraft. All other 
passengers, as well as the three cabin at- 
tendants, wore lifevests. Backs of seats were 
raised. The passengers were instructed to 
remove all sharp objects from their persons. 
These, along with loose objects such as food 
trays and other galley equipment, arm rests 
which had been removed from the seats, 
carry-on baggage, etc., were stowed out of 
the wav so as not to impede evacuation. 
Passengers were rehearsed in folding their 
arms and bowing their heads into or toward 
pillows, blankets or coats in their laps, and 
told to do this upon signal, just prior to 
touchdown. Passengers seated near emer- 
gency exists were instmeted in the method 
of opening the exits and launching liferafts. 
Further, the passengers were cautioned not 
to take such emergency action until advised. 

The aircraft carried five 20-man liferafts in 
the cabin and one 10-man liferaft on the 
flight deck. Four of the 20-man liferafts 
were placed for expeditious use and their 
static lines secured to nearby scats. One was 
placed at each of the two aft overwing 
exits, one at the main cabin door, and one 
at the aft right emergency exit door. The 
fifth 20-man raft was berth-stowed over- 
head opposite the galley. Tire steward again 
went to the flight deck and informed the 
crew that the cabin was "fairly well secured.” 
He returned to the cabin and made final 
checks on the preparations. Check Pilot 
Kellogg entered the cabin from the flight 
deck and was followed by Flight Engineer 
llackctr. as the aircraft started down. Tire 
steward used the cabin public address sys- 
tem to tell passengers to assume proper ditch- 
ing positions and to remain that way until 
told to get up. 

Evacuation 


to the cabin, had taken a scat opposite the 
main cabin door. He helped launch two life- 
rafts through this door, one of which had 
been placed there and the other which had 
fallen from where it had been berth-stowed 
overhead opposite the galley. He assisted 
people into them and then boarded the sec- 
ond of the two. 

The flight engineer, who also had gone 
to the cabin, did not have time to take a 
seat and remained crouched and braced 
against the galley during the ditching. He 
assisted in launching the first raft from the 
main cabin door, helped people into it, and 
boarded it himself. 

The steward and both stewardesses di- 
rected and helped cabin occupants to 
launch the other three 20-man rafts. People 
who went out through overwing exits stood 


brieflv on the wing before transferring to 
liferafts. Others evacuated the airplane 
through the floor level emergency exit door 
at the aft right side of the cabin. Only a 
few persons were immersed. 

Water depth in the cabin was reported 
as reaching “knee deep” or "2 ft. deep.” 
Difficulties during evacuation included a 
partial and brief cluttering or blocking of 
exits by people, debris, and ropes attached 
to rafts. Passengers and crew members re- 
ported four instances of being unable to 
find the knife carried on rafts to cut the 

Pocket knives were quickly used and 
tossed from one raft to another. 

By 2057, 5 min. after ditching, all occu- 
pants were in six rafts; only one raft did not 
have a crew member in command. There 


REFRACTORY METALS APPLICATION NOTES 


Which moly sheet finish will work 
best for you-BRIGHT or MATTE? 



BRIGHT* finish General Electric 
molybdenum sheet is eye-appealing, 
free of almost any surface irregular- 
ity, extremely clean. Because it has 
{less surface area than matte, our 
bright finish is used for vacuum tube 
jand furnace applications where adhe- 
sion of gases to the metal might be 
a problem. Also, this smooth finish 
is favored for electrical contacts since 
tendency to stick is minimized. It’s 
a more efficient reflector, too. 


• Either finish 
there's no difference in price. 


MATTE* finish G-E moly sheet has a 
greater surface area, making it better 
for plating. It “holds” oil better; so 
it’s preferred for fabricating opera- 
tions where a lubricant might be re- 
quired. It’s more suitable for brazing. 
It’s more practical for fabricating and 
applications where metal is heated and 
may become oxidized — as with “boats” 
and other furnace hardware. And, 
matte finish is more desirable for some 
manufacturing operations since result- 
ing scratches and discoloration are 
less noticeable. 


nay be ordered in thicknesses from 0.005 through 0.080. Bright or matte, 


The captain and the first officer, who were 
alone in the cockpit, launched the 10-man 
liferaft through the right-hand cockpit win- 
dow when the aircraft came to rest- Before 
the captain left he looked in the cabin and 
saw that everyone had gotten out except one 
stewardess, who was just then leaving. 

When the airplane struck the water the 
resulting decelerativc forces caused the berth- 
stowed 20-man liferaft and food trays to be- 
come dislodged and fall. However, these 
forces did not cause personal injuries to the 
aircraft occupants. A few minor injuries were 
incurred during the actual evacuation. 

The check pilot, who had previously gone 


m 


MAKE SURE YOU HAVE ALL OF THE 
FACTS. Write today for a free Tungsten/Moly Conversion and Weight 
Slide-Rule Calculator and complete data on G-E molybdenum sheet. General 
Electric Company, Lamp Metals and Components Department, 21800 
Tungsten Road, Cleveland, Ohio 44117. 
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SCIENTISTS AND ENGINEERS: 

Prom undersea navigation equipment for test on the research 
vessel Trieste to the development of non-inertial systems 
for deep space rendezvous. Motorola performance spans the 
broad spectrum of environments in advanced systems. 

In the area between, current programs include: advanced 
random access communications and side looking radar sur- 
veillance systems for the Army. . . air-to-air missile guidance 
and digital command systems for the Navy. . . data transfer 
and high speed teleprinting systems for the Air Force . . . 
satellite tracking, telemetry and instrumentation for NASA . . . 
and extensive company funded R&D projects. & Scientists 
and engineers interested in joining an electronics company 
with versatile interests unbounded by narrow specialization 
write today describing your background and training in : 


ZERO TO INFINITY 


Military Electronics Division 



. . . today's promise . . . 


tomorrow’s fulfilment. 


To creative engineers and scientists, the tasks 


N I/IB Progran 
erformance in 



If you look beyond today’s activities to the 
horizons of tomorrow, a career with Chrysler can 
carry you to the full extent of your potential. 


Chrysler activities on Saturn I/IB are divided 
among three congenial and pleasant Southern 
locations— NEW ORLEANS, HUNTSVILLE and 
CAPE CANAVERAL. 



P. 0. Box 26018, New Orleans 26, La. 

P. 0. Box 857, Huntsville. Ala. 

800 Astronaut Blvd., Cape Canaveral, Fla.. 


An equal opportunity employ 
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USAF TITAN III C — LONG RANGE PROJECT 

We are prime contractor for the first stage of the USAF 
Titan III C, which includes two 120-inch diameter segmented 
solid propellant rocket motors. Together these mot™* ; will 
develop more than 2 million pounds of thrust at lift-off 
over 80% of Titan III C‘s total thrust. We offer challenging , 
positions to qualified men for work on this space vehicle and J 
for R & D and production in other solid, liquid, and hybn<« 
rocket motor programs. 

ELECTRONIC ENGINEERS— INSTRUMENTATION 

The job: To develop control systems instrumentation. ReguiraBlj 
Knowledge of transduction, instrumentation, data acquisition ag ti 
processing. Degree: BS in EE or Physics. Experience: A year or more. 

SOLID TEST ENGINEERS 

The job: To test solid motors ... all that the word implies^*® 
start to finish. Methods, equipment, procedures. A variety^ 
assignments available, depending on degree and experience. 


'VEHICLE SYSTEMS ENGINEERS . . 

The job: Apply your knowledge and exper,e«ce ,n wiring 
ordnance checkout, performance analysis trajectory and load study, 
, vehicle and structure design, inadvertent separation systems. Ke- 
V quired: BS in ME, AE, or Physics. , , , ■ , . , 
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LIQUkD A^b VhlvfcONwi^^ ENGINEERS 


The job: To build, test, and evaluate ablation chambers, tankage, | 
TVC, and liquid ignition systems and perform environmental tests./ 
Required: BS and experience appropriate to assignment. 

STRUCTURAL DYNAMICS . /< 

The job: To study space booster's response to high intensity noise, 
turbulence, transportation dynamics, and other steady and dynamic 
loads. Work is theoretical and experimental. Required: Advanced 
degree and 1-5 years experience. 

SENIOR DESIGN ENGINEERS— AGE .... 

The job: AGE systems design, analysis, procurement, checkout. 
Required: BSEE with about four years experience in Afafc test and 
ground instrumentation and support systems. 

Contact Mr. Joy Waste, Dept. A 
We acknowledge oil inquiries ond treot them confidentially. We oironge interviews tor 
qualified applicants. We re on equol opportunity employer. U.S. Citizenship Required. 
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Southern Couple 
Comes Home to 
Bright Future 

By: Doris Lockcrman 

Atlanta Constitution Columnist 

Every time the young Thomas 
F. Roberts of Huntington Woods, 
near Marietta, Georgia have a 
chance, they plant trees — maples, 
dogwoods, magnolias, oaks. 

“Then we stand there and try to 
imagine what they will be like 20 
years from now. That tells you how 
we feel about this place, and our 
future here.” 

Tom Roberts met his dark-eyed 
wife, Martha, when p- 
he was a student of 
mathematics and 
physics at North 
Carolina State in 
Raleigh and she was 
a Hollins College girl. 

North Carolina was 
part of the surge of 
the New South. As 
students, they could 
feel the pace, the 
promise of the region. 

“So, in a way we l 
came home to Geor- 
gia when we got the 
chance.” Martha Roberts speaks 
quietly. “We feel now we are in the 
heart of everything. We had been so 
far away in Seattle, Washington.” 

The Roberts live in one of the 
dozens of charming small develop- 
ments that have sprung up in the 
rolling shaded countryside only a 
few minutes away from the Lock- 
heed-Georgia plant, a few fast miles 
to the north of burgeoning Atlanta. 
Their house has three bedrooms, two 
baths, a spacious kitchen family 
room. It is furnished with mellowly 
beautiful antiques, heirlooms from a 
discriminating set of grandparents. 

Their street is peaceful. The near- 
est house nestles snugly in a copse of 
trees, almost hidden from them. 
Their back yard sweeps toward more 
woods, with space for play and 
gardening and outside dining. 

“We have never wanted to be 
closed in," Mrs. Roberts says in ex- 
planation. “Robbie is 5. Ruthie is 2. 
They need playmates, but we respect 
our privacy and that of our neigh- 
bors too. And we are not very close." 

Tom Roberts, 30, is a research en- 
gineer in Lockheed’s Instrumenta- 
tion division. Martha, 27, has a flair 
for homemaking and motherhood. 
She drives Robbie three miles to a 
private kindergarten where he is be- 
coming adept, among other things, at 
Spanish. Ruthie is in the tea party 

“There is such variety here we feel 
we will never be tired of it. And 
change, too, in the business and 
political climate. We want to be part 
of this region's progress.” 

^TrSS 
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catastrophic damage to tlic aircraft. 

Probable Cause 

The Board determines that the probable 
cause of the accident was an uncontrollable 
overspeeding propeller due to failure in flic 
blower section of No. 2 engine. 

By the Civil Aeronautics Board: 

Ai an S. Boyd, Chairman 
Robert T. Morpiiy, Vice Chairman 
Chan Curnf.y. Member 
C. Joseph Minetti. Member 
Whitney Gillillakd, Member 
SUPPLEMENTAL DATA 
Investigation 

The Civil Aeronautics Board was notified 
of the accident at the time of occurrence. 
An investigation was uninediatelv initiated 


The Carrier 

Northwest Airlines, Inc., is a Minnesota 
corporation with its principal office m Min* 
ncapolis. Minn. The corporation holds a cer- 
tificate of public convenience and necessity 
issued fit the Civil Aeronautics Board and 
an air carrier operating certificate issued by 
tlie Federal Aviation Agency. These cer- 
tificates authorize the carrier to engage in air 
transportation of persons, cargo and mail 
over the route involved. 

The Aircraft 

The aircraft was a Douglas model DC-TC, 
serial No. 45204, and carried FAA identi- 
fication N 285. It was inanufactuced Apr. 
5. 1057. and at the time of flic accident 
had a total operational time of 17.1 /5:3( 
hr. Maintenance had been current and ii 
compliance with FAA requirements. 

The four engines were Wright R-3350 
model 088TC18FA4 and the propellers 


MARTIN DENVER 

systems integration contrac- 
tor for the USAF TITAN III 
Standard Space Launch Sys- 
tem, now offers new oppor- 
tunities for professional 
growth and 


ECOBNITION 



eration to: F. A, McGregor, 
Manager of Personnel Staffing. 
Mail PA-251 
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This announcement appears as a matter oj record only. 

Eastern Air Lines, Inc. 

$22,000,000 



$45,000,000 

5V*% Promissory Notes due 1967 



$80,000,000 

5V*% Promissory Notes due 1971 
$90,000,000 

4.15% Promissory Notes due 1974 


The undersigned have acted as advisors to the Company in connection 
with the renegotiation oj the terms oj these securities. 

Kuhn, Loeb & Co. Smith, Barney & Co. 

Incorporated Incorporated 

November 19, 196} 



MANAGEMENT 


Aerospace Firms Report Compensations 




Marquardt needs electronic engineers 


Marquardt’s latest assignment in the missile trainer- 
simulator Held is to develop and produce the Atlas E and 
F missile launch crew procedure trainers for the Air Force 
Ballistic Systems Division. The new Marquardt trainer 
represents another advance in simulation technology since 
it is a completely solid-state digital system. It will accu- 
rately simulate all operational procedures — from alert to 
launch — and will encompass the complete spectrum of 
malfunctions. The Marquardt systems will be used at vari- 
ous SAC bases to train missile combat crews who are 
required to operate, maintain, and control the Atlas. 
Marquardt's advanced capability in trainer technology is 
also exemplified in other military applications, including 
the T-10 navigator trainer for B-52 bomber crews, T-4 man- 
ual aircraft control and warning site trainers, T-8 trainers 
for 412L automated air defense systems, and trainer- 
simulators for the GAM 77 (Hound Dog) and GAM 72/A 
(Quail) missiles. 

Expanding programs, coupled with continuing company- 
sponsored research and state-of-the-art contracts, are 
responsible for the new assignments now open at 
Marquardt. Opportunities presently exist for experienced 


engineers and scientists who want to affiliate with a 
dynamic company, well diversified in electronic systems, 
as well as control systems, airbreathing propulsion, and 
aerospace research. 

Select senior personnel highly qualified in any of the fol- 
lowing areas, will find rewarding opportunities at 
Marquardt: Electro-Optical Systems: Digital Systems 
Analysis and Logical Design: Advanced Analog and Digital 
Simulation Systems. Please write in confidence to Mr. Fred 
Clark at the address below: 
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Design and development activities in the field of Electronic Signal Processing are 
rapidly expanding today at HUGHES Aerospace Divisions. 

Development of systems utilizing advanced correlation and matched filter tech- 
niques for High-Resolution Radar, Acoustic Detection & Classification and Pulse Dop- 
pler Radar is being accelerated. 

Specialists in Signal Processing, Circuit Design, Mechanical Design, Packaging 
Design, Performance Analysis and Project Engineering will be interested in the 
outstanding assignments now available. 

Graduate engineers with experience in wide-band video amplifiers; high-reso- 
lution cathode ray tube circuits and applications (including ultra-linear sweep, gam- 
ma correction and dynamic focus); high-voltage power supplies; low-jitter timing 
circuitry; high-speed analog sampling circuitry; precision film transports; ultra-high 
speed film development; scan conversion systems; synthetic array radar systems; 
imagery recording, or similar fields— are invited to submit resumes. 


For immediate consideration 
please write: 


Mr. Robert A. Martin 
Head of Employment 
HUGHES Aerospace Divisions 
11940 W. Jefferson Blvd. 
Culver City 50, Calif. 


Creating a new world with electronics 


HUGHES 
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in the amount of $100,000 on the life of 
L. L. Bollinger, of which Helio Aircraft is 
the owner and pays the premium. In the 
event of Mr. Bollinger’s death, this policy 
is payable to Mr. Bollinger's wife or chil- 
dren), 24,313 shares of common stock. 182 
shares of preferred stock; G. M. Bond, di- 
rector. 850 shares of common stock: C. E. 
Eord, director, W. M. Joy, director, 5,000 
shares of common stock; R. B. Kimnach. 
executive vice president, director. 1,000 
shares of common stock; O. C. Koppen. 
director (resigned effective Dec. 14, 1962), 
12,516 shares of common stock, 80 shares 
of preferred stock; C. A. Rcinstrom, chair- 
man of the board, director. 6.200 shares of 
common stock; L. Stewart, director (2,178 
shares of preferred stock and 74.821 shares 
of common stock owned, as of Dec. 31, 
1962, by the McNally Pittsburgh Manufac- 
turing Corp., of which Mr. Stewart is an 
officer). All stock beneficially owned as of 
March 31, 1962. 


LEAR SIEGLER, INC.— F. L Anderson, 
director, 49,877 shares of common stock; 
M. L. Bcngtson, director, 9,756 shares of 
common stock; J. G. Brooks, chairman of 
the board and chief executive officer, direc- 
tor, $90,000 salary (under the terms of his 
employment agreement with Lear Sicgler, 
Inc., Mr. Bengtson is entitled to receive 
severance pay upon termination of his em- 
ployment in an amount determined by 
length of service and other factors. In the 
event of his death during employment or 
retirement at age 65, he or his estate will 
be entitled to receive $25,000 annually for 
a period of ten years), 32,176 shares of 
common stock (includes shares held in a 
family trust), $5,203 amount accrued in 
company contributions during fiscal year 
ending June 30, 1962, under the profit scar- 
ing and retirement plan; P. S. Fogg, direc- 
tor, $33,01 5 shares of common stock; P. M. 
Hamilton, director, 37,922 shares of com- 
mon stock; A. G. Handschumachcr, presi- 
dent and director (elected chairman of the 
board of Lear, Inc., in March. 1962. At the 
merger of Lear, Inc., with and into Sieglcr 
Corp. on June 5, 1962. Mr. Handschu- 
maclier was elected president of the com- 
pany and a member of the board of direc- 
tors), $80,000 salary (under terms of his 
empolyment agreement with Lear, Inc., 
which was assumed by Lear Sicgler. Inc., 
in the merger, Mr. Ilandsclmmacher re- 
ceived during the year ending June 30, 
1962, additional deferred compensation of 
$833.33 semi-monthly. Under his present 
employment agreement, effective June 1, 
1962, Mr. Handschumachcr receives addi- 
tional deferred compensation of $1,458.33 
semi-monthly. Salary amount shown above 
includes compensation received from Lear, 
Inc., as its president prior to the merger 
with Lear Sicgler, Inc.), 7,147 shores of 
common stocks; J. Oostcnnevcr, director, 
594 shares of common stock; R. L. Purcell, 
executive vice president and director, $60,- 
000 salary, 9,250 shares of common stock, 
$3,436 amount accrued in company con- 
tributions during fiscal year ending June 30, 
1962, under the profit sharing and retire- 
ment plan; H. C. Rose, director. 1,505 
shares of common stock; D. Roycc, direc- 
tor, 8,178 shares of common stock: A. C. 
Schwartz, director, 515 shares of common 
stock; C. A. Thompson, director. 1,099 


Men with tool design experience in: 

■ Machine Tools 

■ Fixtures 

■ Bonding or Brazing 
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and/or Project Estimates 

■ Cost Negotiation Support 

■ Major Change Estimates 

■ Cost Analysis and Evaluation 
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■ Cost Analysis 

■ Cost Estimating 


■ 5 to 10 years experience in 
Public or Industrial Accounting 

■ CPA certificate desirable 

■ College graduate with major 
in accounting 

■ Will perform internal audit 
reviews of financial and 
operating controls 



A number of long-range contracts offer an expanding oppor- 
tunity at General Dynamics/Fort Worth. Send a resume of your 
training and experience to; Mr. F. F. Gignilliat, Chief of Employ- 
ment, Box 748A, General Dynamics/Fort Worth, Fort Worth, 
Texas. An equal opportunity employer. 


GENERAL DYNAMICS | FORT WORTH 
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ENGINEERS a 

Career Opportunities in 
Applied Aerodynamic Research 













our ears 
are “up” 

...to track, monitor, 
and measure space- 
craft and missile per- 

launch at the Atlantic 
Missile Range. 

For instrumentation engineers with Pan Am's Guided Missiles Range Divi- 
sion, this means the planning and design of new sensor systems to meet the 
demanding radar and telemetry requirements of each new mission— Gemini, 
Apollo, Satellites, Space Probes. These next generation instrumentation 
systems will provide greater coverage, accuracy, mobility, reliability and 
automated real-time data delivery. 

Examples of diverse approaches being taken to achieve such systems are: 

• a new CW doppler range-rate tracking system that measures missile and 
spacecraft velocity with accuracy of 0.5 fps. 

• pulse doppler radars that measure range rate to 0.1 fps. 

• large high-gain (85 ft. diam.) wide-band (130-2300 me) automatic tracking 
antenna systems 

• advanced, universal pulse code modulation (PCM) ground systems (bit 
rate from 1 to 1 million bits per second). 

Engineers interested in joining in this effort are invited to write in confidence 
to Dr. Charles Carroll, Dept. 14M-1. 

GUIDED MISSILES 
RANGE DIVISION 

P. 0. 80X 4465. PATRICK AIR FORCE BASE, FLORIDA 
AN EQUAL OPPORTUNITY EMPLOYER 


EEs, MEs 
CHALLENGING 
OPPORTUNITIES 
in Hamilton Standard 
Electronics and 
GSE Departments 

Continued expansion in a number 
of Hamilton Standard programs 
has created excellent openings for 

.. .communications .. .field test 
...digital computers and data 



ELECTRONICS ENGINEER-Circuit 

Design— to conceive circuits for 

frequency servo application for 
commercial and hydro-space prod- 
uct application— and transistor 

pulse circuiting for digital data sys- 

equipment, display and data proc- 
essing equipment. Provide sche- 
matics and follow-through testing 
to verify that breadboard circuits 
conform to design. 

ASSISTANT PROJECT ENGINEER 
(Electronics— Digital Computer) 

from initial design to final develop- 

and transistorized circuitry, data 
handling, and logic circuitry design. 
Duties involve customer contact 


ELECTROMECHANICAL DE- 
SIGNERS-BSME— to analyze 
requirements and design mechani- 



To apply for any of the openings 
listed, please send a summary of 
your educational and professional 

salary requirement, to . . . 

MR. C. E. RIPLEY 


Hamilton 

Standard 
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Engineering Spectaculars — Fact, not Fiction at Bell Aerosystems . . . 


In the technical community, what sort of programs warrant the designation “spectacular”? Here are five that do, 
and they’re typical of the many unusual engineering challenges at Bell Aerosystems. □ □ □ the free-flight personal 
Rocket Belt, making man’s agelong dream of controlled individual flight a reality. Already successfully flight tested 
for the military, the Rocket Belt is being considered for a variety of new applications. □ G □ the Hydroskimmer, 
SKMR-X, largest GEM ever built in the U.S., is opening up a new mode of transportation. Designed and built for 
BuShips, this vehicle skims 1V6 feet above water at speeds of more than 70 knots, as well as over land, marsh, and 
other types of terrain. Navy Phase III operational test program is being conducted on Lake Erie. □ □ □ LLRV-Lunar 
Landing Research Vehicles, which will permit astronauts in training to physically fly a simulated lunar flight. □ O □ 
X-22A, Tri-Service VTOL Jet Transport, research aircraft in which the propulsion and control elements are utilized 
during all phases of hovering, transition, and conventional flight. Two of the dual-tandem, ducted-propeller aircraft 
are to be built to explore these concepts for flight characteristics and military potential. □ □ □ Space Guidance & 
Control Systems, for advanced Orbital & Re-entry vehicles with new requirements. These include all aspects of 
manual and automatically controlled energy management. □ □ □ If you are interested in applying your vision and 
skill to outstanding innovations in engineering history, look into these opportunities with Bell Aerosystems: 


SYSTEMS ENGINEERS For technical direction of systems 
aspects of advanced R&D programs, including all aspects of 
the dynamics, flight control, and guidance of aerospace 
vehicles. Prefer MS in Engineering and 7 to 10 years appli- 
cable experience. Salary to SIS, 800. 

PROJECT ENGINEER-GEM VEHICLES To assume tech- 
nical direction of GEM R&D programs. Must be capable of 
integrating analytical data from all engineering and scien- 
tific disciplines. BS AE degree and related project aircraft 
experience required with GEM experience most desirable. 
Salary to $15,400. 

SPACE SYSTEMS DEVELOPMENT ENGINEERS To de- 
termine requirements and advanced concepts for space 
vehicles and space propulsion systems through company- 
funded and contractual advanced design studies. Assign- 
ments will include the coordination of activities in the 
preparation of major proposals, being cognizant of technical 
approach, scheduling and cost aspects. Successful proposals 
offer the potential of appointment to technical direction or 
project engineering responsibilities. BS in Engineering re- 
quired with advanced degree preferred, and 8 to 15 years 
experience in system engineering. Salary to $18,800. 


RAMJET AERODYNAMICIST Technical specialist to per- 
form aero-thermodynamic analyses and plan and conduct 
tests of ramjet engine systems. Should have experience in 
complete engine test as well as component systems such as 
controls. MS or equivalent in AE or ME plus 7 to 10 years 
applicable experience required. Salary to $15,400. 

SENIOR STRUCTURES ENGINEER To direct the activi- 
ties of a small group of structures engineers in design analy- 
sis of complex structures, shells and pressure vessels. Work 
will be oriented toward structural analysis of liquid propel- 
lant rocket engines, turbine pumps, thrust chambers, valves 
and components. Engineering degree with 5 to 10 years of 
related experience required. Salary to $15,400. 
PRELIMINARY DESIGN ENGINEER To conduct analyt- 
ical and design studies in all areas of liquid propellant 
rocket engines and injector systems. To be responsible for 
conceptual design and supporting analysis for new rocket 
propulsion systems. Requires an advanced engineering de- 
gree plus 6 to 12 years related experience. Salary to $18,800. 


(J) 

BELL AE ROSY STEMS CO. 

An Equal Opportunity Employer. P.O. BOX s i. BUFFALO 6, NEW YORK 


AVIATION WEEK & SPACE TECHNOLOGY, December 2, 1963 


103 



Searchlight Section 







o , ssi-“ j;-; ” dd ;^; 





104 


ADVERTISERS IN THIS ISSUE 

AVIATION WEEK, DECEMBER 2, 1963 






2, 1963 






LETTERS 



Brush 
lightbeam 
recorder 
eliminates 
RFI with 
silent light! 



Start and Re-start Recording time ... 50 milliseconds 
Writing Speed . . . Greater than 30,000 in./sec. 
Companion Amplifiers . . . Especially Designed 
Complete Line of Accessories 
8 Pushbutton Record Speeds 
Internal Chart Take-up 
High Contrast Traces 
16 Channels 


Now you can record over the whole range of most-used 
frequencies with Brush systems incorporating all the known 
refinements in oscillography. Write for full details. 


^arush 


INSTRUMENTS 




F- 1 2363-* 


DEC. 3 1963 


We left the wiring out of 
60,000 electronic circuits last month. 


We left out all the connections, 
too. On purpose. Since wiring 
and connections are frequent 
causes of electrical failure, the 
result is more reliable circuits 
—Fairchild integrated microcircuits. They 
have all the necessary components (as many 
as 15 transistors and 21 resistors) completely 
within a solid piece of silicon 1 /16th of an inch 
square. Besides being more reliable, they use 


less power and are twenty times smaller than 
conventional circuits. 

In circuit reliability, it’s not just what goes 
in that counts — it’s what’s left out. 



FAIRCHILD 


SEMICONDUCTOR 



FAIRCHILD SEMICONDUCTOR /A DIVISION OF FAIRCHILD CAMERA AND INSTRUMENT CORPORATION /545 WHISMAN ROAD. MOUNTAIN VIEW. CALIF. /962-5011 /TWX: 415-969-9165 


